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@ Organic EL element and compound used therein. 

@ Tetraaryidiamine derivatives of formula (1) are used in organic EL elements. 



(1) 




(Rt)n 



aryi croup 3 ' rt^rTatTl aryI ' alkyf ' aI ^' amino or halogen, at least one of R, to R, is an 

aryi group, n, r2, r3, and r4 are 0 or an integer of 1 to 5, the sum of r1 to r4 is at lea^t 1 p ^ d 
represent alkyl. alkoxy, amino or halogen, rti and r6 are 0 or an Intoqer of 1 to f tI\! 

S q o£m. v T h,ch ™'ntem a stable amorphous state above room temperature over a lonq term Oroanfe 
EL etements us.ng the inventive compounds in an organic compound (aver tvoicai v 2 iSJ iSSSn 

Srtn^n^ 'Th. theraof Provide unifonT1 P ,ane »9ht emission and maiffi^ 
lummescence m a stable manner over a long term. Thus the elements are fully durable and reliabll 
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This Invention relates to an organic electroluminescent (EL) element and a compound used therein in the 
form of a tetraaryldiamine derivative. 

BACKGROUND OF THE INVENTION 

5 

Low molecular weight organic compounds which turn to be conductive or produce electric charges upon 
exposure to light, that is, have a photo-electronic function are well known in the art. Since most of such com- 
pounds do not possess an ability to form a thin film by themselves, they must be dispersed in or diluted with 
binder resins and coated onto substrates to form thin films. Some compounds have an ability to form a thin 
10 film by themselves when applied by vacuum deposition. These film-forming compounds, however, are insuf- 
ficient in thin film stability and liable to physical changes, typically phase transition. 

Specific tetraaryidiamines are disclosed in Japanese Patent Application Kokai (JP-A) No. 277071/1990 
as a material for forming a photosensitive layer on an electro-photographic photoconductor. Their potential use 
as an organic EL element-forming compound is suggested nowhere. 
15 Organic electroluminescent (EL) elements include a thin film containing a luminescent organic compound 

interleaved between a cathode and an anode. Electrons and holes are injected into the thin film where they 
are recombined to create excitons. Light is emitted by utilizing luminescence (phosphorescence or fluores- 
cence) upon deactivation of excitons. The organic EL elements are characterized by plane light emission at a 
high luminance of about 100 to 100,000 cd/m 2 with a low voltage of about 1 0 volts and light emission in a spec- 
20 trum from blue to red color by a simple choice of the type of fluorescent material. 

The organic EL elements, however, are undesirably short in effective life, less durable and less reliable 
because of the following factors. 

(1) Physical changes of organic compounds: Development and growth of grain boundaries render the in- 
terface non-uniform, which causes deterioration of electric charge injecting ability, short-circuiting and di- 
25 electric breakdown of the element Particularly when a low molecular weight compound having a molecular 

weight of less than 500 is used, grain boundaries develop and grow, substantially detracting from film qual- 
ity. Even when the interface with indium tin oxide (ITO) is rough, significant development and growth of 
grain boundaries occur to lower luminous efficiency and allow current leakage, ceasing to emit light. Local 
dark spots are also formed. 

30 (2) Oxidation and stripping of the cathode: Although metals having a low work function such as Mg, Li, 

Na, and Al are used as the cathode in order to facilitate electron injection, these metals are reactive with 
oxygen and moisture in air. As a result the cathode can be stripped from the organic compound layer, 
prohibiting electric charge injection. Particularly when a polymeric compound is applied by a wet process 
such as spin coating, the residual solvent and decomposed products resulting from film formation promote 
35 oxidative reaction of the electrodes which can be stripped to create local dark spots. 

(3) Low luminous efficiency and increased heat build-up: Since electric current is conducted across an 
organic compound, the organic compound is placed under an electric field of high strength and cannot 
help heating. The heat causes melting, crystallization or decomposition of the organic compound, leading 
to deterioration or failure of the element. 
40 (4) Photo-chemical and electro-chemical changes of organic compound layers. 

One solution to these problems is an organic EL device comprising a hole injecting and transporting zone 
including a hole injecting porphyrinic compound and a hole transporting aromatic tertiary amine as disclosed 
in VanSlyke etal. USP 4,720,432 or JP-A 295695/1 988. More particularly, the EL devices prepared in Examples 
1,10 and 11 include a transparent anode of indium tin oxide coated glass, a hole injecting copper phthalocya- 
45 nine PC-10 layer (35 nm or 37.5 nm), a hole transporting 1,1'-bis(4-di-p-tolylaminophenyJ)cyclohexane ATA- 
1 layer (35 nm or 37.5 nm), a light emitting and electron injecting and transporting aluminum trisoxine CO-1 
layer (60 nm), and a Mg-Ag cathode (200 nm). When these devices were driven for 500 hours at a constant 
current density of 5 mA/cm 2 , the light output declined from 0.08 mW/cm 2 at the initial to 0.05 mW/cm 2 at the 
final (percentage decline 37.5%). At a current density of 20 mA/cm 2 the light output declined from 0.45 mW/cm 2 
so at the initial to 0.06 mW/cm 2 at the final (percentage decline 86.7%). At a current density of 40 mA/cm 2 , the 
light output declined from 1.15 mW/cm 2 at the initial to <0.1 mW/cm 2 at the final (percentage decline >91 .3%). 
The other hole transporting aromatic tertiary amines used in Examples 12 and 13 are N.N.N'.N'-tetra-p-toIyl- 
4,4'-diaminobiphenyl (ATA-7) and N.N^'.N'-tetraphenyl^.^-diaminobiphenyl (ATA-8) which are both depos- 
ited to a thickness of 37.5 nm. As compared with ATA-1 , ATA-7 showed lower initial outputs at the same current 
55 density and ATA-7 and ATA-8 showed an output decline of 62.5% and 60%, respectively. 

A combination of a triarylamine (ATA-1) and a tetraarylamine (ATA-7) is described in Examples 14 and 
1 5. This provides a low initial output at the same current density and a considerable output decline. As seen 
from these results, the life of these light-emitting elements is y t below the practically acceptable level. Par- 
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tlcularly when the elements are driven with a high current d nsity for th purpose of producing light of a high 
Cra«on ^ * draStl ° ° UtpUt dr ° P 0ccure ^ng nea^ in£ 

For the purpose of improving such a drastic output drop, specific hole transporting aromatic tertiary amines 
are , useful asdisdosedlnVanSlykeetal. USP 5.061.569 or JP-A234681/1993 More particularly TearoS 

18 """"^ ° f ^ l8aSt tW ° amin6 m0ie " eS 3nd inc,udes attached to a te iary Jm! e 

p2 arcmTt^ m ° iety h havin9 at , least fusad aromatic ""9- ^e of these specific hole trans- 

timl T«Thf » y f m,ne8, hOWCVer - leaV6S * Sti " diff ICU,t to 8Chieve stab,e 'W* Mission over a long 
time The light-emitting elements have a lifetime yet below the practically acceptable level 

eratton du^nT 8 ? U*' /f^" 9 aromatic tertiar V amin ^ are less resistant against heat By heat gen- 
erate due to the Joule heat of an element, an amorphous thin film can become unstable. An organic EL ele- 

SSZSSL' ^ ' 0W ' Umin0US ^ iC ' enCy ^ 8 Sh ° rt n* and remainsTess duratfe 

.uriUf r trans t pa t rent « lectrodes used heretofore are of ITO-on-glass or the like because they must have a low 
83 tha " 10 t0 30 HOWeVer ' ° bservati °" under a -canning tunnel microscope 

ZL?rates a rS 

. " ° f the J ° rder ° M0 " m ° n eva P°rated film-bearing substrates. There is also surface rouqh- 
tlo'nof^ 

ITO luHaTtl" "llf r9S K PeCt i "? ,Ude Pr ° Visi0n ° f a meW -wn*lning « metal-free phthalocyanine film on the 
ITO surface (see the above-referred USP 4,720.432 or JP-A 295695/1988) and spin coating of poiyarylene 

effete ThHir T Phtha 'r anine Whethe ' or " ot « * * microcr'ystalline and 1^7^ 

.daSn of the IS k Vmyl " e 1 CBn dama9e ,TO with a " acid "P«n conversion and promote ox- 

of si Sine A^ ^IT T' ^ *" Af " m ° f ^ ^ ™y' ena * non-uniform because 

or spin coating. All these fail to improve element reliability. 

of twoor mnr ofin ' pr ° v ' m9 element Performance. ELelements having amix layer consisting of a mixture 
= 0mpounds hav,n 9 distinct Unctions were also proposed. For example. JP-A 250292/1 990 dis- 
transooS 0 jJlT, 55 T"? St ™ etUtB ° r 3 thi " f " m Prepared from an or 9 anic impound having hole 
Si h S2 .51 -^""i ^ UnCt ° nS and a " otheror 9 a " i "ompound having an electron transporting func- 
H^.l»o^ ''9 ht emitting layer for the purpose of improving luminance and durability. JP-A291696/1990 
flu,™ ? 3 ° f 3 miXtUre ° f a " ° r9aniC """Pound having a hole transporting function and a 

lSlT7Sl^!L e TT ld haVin9 a , n eleCtr ° n tranSportin 9 as a light emitting layer. JP-A 

lln iJ « f «nterpose a mu layer of a mixture of an electric charge injecting material and an or- 

ofil^ 

9 ! e "'«ency and luminance. JP-A 190088/1991 discloses to interpose between a hole 

no the ™ ayer , a e ' eCtron trans P orti "9 ^ and a " organic light emitting layer a mix layer contaT- 
he ?hS- ? tna op P° sa ° 'W for the purpose of facilitating injection of holes and electrons into 
onJp rf a , ? T r L JP " A 334894/1992 disdoses »* when a plurality of organic compound layers are 
formed, a layer m which compounds of distinct functions are co-present is formed, for example a layer con- 
Ir^fn 3 , transportin 9 luminescent material and an electron transporting material is formed, thereby in- " 
creasing luminance, providing a variety of emission color hues and improving durability. JP-A 182762/1993 
discloses to form a mix layer of a mixture of a luminescent material and an electric charge injecting material 

289090/19^5' T in9 . '7 er 8nd a " eleCtri ° CHar9e injeCtin9 l3yer ' thereb y loweri "9 the drive SagTjP-A 
J^nZT 1 t0 ^ 3 thi " f ilm ° f 3 mWure ° f 8 h0,e co " d "^ng organic compound and an organic 

^ TJ1Z B me t3 !. aS 8 ' i9ht emitting layer ' achievin9 a narrow ,uminous spectrum, monochroma- 
etemenU wh^rToT" effidency JP-A 178487/1992 and 78655/1993 discloses high luminance full-color 
nZfi" . » obtain* by forming a thin film layer of a mixture of an organic charge material and an 

organiolummescent material as an organic luminescent thin film layer, thereby preventing concentration ex- 
tinction and increasing the available range of luminescent material. Moreover. JP-A 357694/1 992 discloses to 
„„«nT^ 9 . s , tructure in which a concentration gradient is provided between adjacent layers by com- 
ponents of respect™ layers, thereby lowering the drive voltage and improving durability 
com D t S u°ndKr;^n P H lJn i lay ! rS doped with "b^ne were proposed. Typical examples of known organic 
rSTSJT n , ^ f ° Und ° r9aniC EL 6lementS a hole transporting layer 

lSn,^Z? ° f 3 mlXtUfe ° f hydra2,na derivatlv9S a "d a light emitting layer of tnaffl- 

^SS^S!^^ T " iC COmP °, Und l8yerS Wher9in the h0 ' e tra " spor «ng iayer is doped with rubrene " 
TaveA l^nln 1 u transporting layer deposed on the organic interface and the entire light emitting 
uhrenl n2 "t^" 9 ' " W3S the e,ement havi " 9 tn hole transporting layer doped with 

rubrene.light emission takes placefrom both tris(8-qulnolinolato)aluminum and rubrene and tha( :h the eLment 
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having a half portion of the hole transporting layer and the light emitting layer doped with rubrene, luminous 
efficiency is improved and th increas of dark sp ts during shelf storage is suppressed. See Kanai, Yajima 
& Sato, Extended Abstracts of the 39th Spring Meeting, 1992 of The Japan Society of Applied Physics and 
Related Societies, 28p-Q-8 (1992) and Sato & Kanai, Preprint of Workshop 92 of the Japanese Research As- 

5 sociation for Organic Electronics Materials (JOEM), 31 (1992). A hole transporting layer of triphenyldiamine 
derivative (TPO) doped with rubrene was also proposed as having an improved luminance half-life. See Fujii, 
Sano, Fujita, Hamada & Shibata, Extended Abstracts of the 54th Autumn Meeting, 1993 of The Japan Society 
of Applied Physics, 29p-ZC-7 (1993). 

Moreover, JP-A 207488/1 990 discloses an element comprising a p-type inorganic semiconductor thin film 

10 layer and an organic compound thin film layer consisting essentially of rubrene, the element providing satis- 
factory luminance and stability thereof. 

None of the foregoing EL elements are satisfactory in luminous life. 

SUMMARY OF THE INVENTION 

15 

A primary object of the present invention is to provide a compound for use in an organic EL element in the 
form of a tetraaryidiamine derivative which has a high melting point and high glass transition temperature and 
thus improved thermal properties, allows a thin film thereof to remain stable in an amorphous state over a long 
term, can form a thin fiim by itself without a need for a binder resin, experiences minimal physical, photo-chem- 
20 ical and electro-chemical changes, and has a photo-electron function. 

Another object of the present invention is to provide a durable, reliable, high luminance organic EL element 
having an extended emission life by using the specific compound. 

Afurther object of the present invention is to provide a high reliability, high luminance light emitting element 
featuring minimized voltage rise, current leakage, and development or growth of local dark spots during driving 
25 of the element as well as a minimized initial drop of luminance. 

According to the invention, there is provided a compound for use in an organic electroluminescent (EL) 
element which is a tetraaryidiamine derivative of the following formula (1). 
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Ri» R21 R3. and R4 are independently selected from the group consisting of an aryl group, alkyl group, alkoxy 
group, aryloxy group, amino group and halogen atom, at least one of R 1t R 2 , R 3 , and R4 is an aryl group; rl , 
r2, r3 t and r4 are independently 0 or an integer of 1 to 5, the sum of r1, r2, r3, and r4 is an integer of at least 
1 ; R 5 and R$ are independently selected from the group consisting of an alkyl group, alkoxy group, amino group, 

45 and halogen atom; and r5 and r6 are independently 0 or an integer of 1 to 4. 

Preferably, two to four of R-t to are aryl groups, at least two of the aryl groups are attached to the cor- 
responding benzene ring at the para- or meta-position with respect to the position of attachment to the nitrogen 
atom. Preferably, at least one of the aryl groups represented by to R4 is phenyl. In one preferred embodiment, 
at least one of the aryl groups represented by R1 to R* is a naphthyl, anthryl, pyrenyl, perylenyt or coronenyl 

so group. 

In one preferred embodiment, the compound has the following formula (2). 
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At A 2 



Ai, A 2 , A 3t and A*, which may be identical or different, are phenyl groups attached to the corresponding 
15 benzene ring at the para- or meta-position with respect to the position of attachment to the nitrogen atom; R 7 , 

Ra, Ro. and R, 0 are independently selected from the group consisting of an alkyl group, alkoxy group, aryl group, 

aryloxy group, amino group and halogen atom; r7, r8. r9, and r10 are independently 0 or an integer of 1 to 4; 

Rs and-R^-are independently selected from the group consisting of an alkyl group, alkoxy group, amino group, 

and halogen atom; and r5 and r6 are independently 0 or an integer of 1 to 4. 
20 In another preferred embodiment, the compound has the following formula (3). 



25 



30 




Ar 



Ar is an aryl group attached to the corresponding benzene ring at the para- or meta-position with respect 
to the position of attachment to the nitrogen atom; Z 1( Z 2 , and Z 3 are independently selected from the group 
consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and halogen atom, at least 
one of Z 1f Z 2f and Z 3 is an aryl group attached to the corresponding benzene ring at the para- or meta-position 
with respect to the position of attachment to the nitrogen atom, with the proviso that all of Ar, Z 1f Z 2t and Z 3 
are not phenyl groups each attached to the corresponding benzene ring at the para- or meta-position with re- 
spect to the position of attachment to the nitrogen atom at the same time; s1, s2, and s3 are independently 0 
or an integer of 1 to 5, the sum of s1 f s2ands3isan integer of at least 1; R<> is selected from the group consisting 
of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and halogen atom; rO is 0 or an integer 
of 1 to 4; Rs and Re are independently selected from the group consisting of an alkyl group, alkoxy group, amino 
group, and halogen atom; and r5 and r6 are independently 0 or an integer of 1 to 4. 

In a further preferred embodiment, the compound has the following formula (4). 
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15 
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(4) 




( R 12)r12 



R7. Re. R9. and R 10 are independently selected from the group consisting of an alkyl group, alkoxy group, 
aryl group, aryloxy group, amino group and halogen atom; r7, r8. r9, and r10 are independently 0 or an integer 
of 1 to 4; R 1lf R 12f R 13 , and R u are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom; ii1 t r12, M3, and M4 are independently 0 
or an integer of 1 to 5; Rs and Re are independently selected from the group consisting of an alkyl group, alkoxy 
group, amino group, and halogen atom; and r5 and r6 are independently 0 or an integer of 1 to 4. More preferably 
r5, r6 T r7, r8, r9, r10, rt1, ri2, r13, and ii4 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (5). 
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(5) 
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(Rii)n 




55 



R$. Re. R7. Re* Rq. Rio. R11. R12. R13. R14. r5, r6, r7, r8, r9, r10, r11, r12, r13, and r14 are as defined above. 
More preferably, r5. r6. r7, r8, r9, MO, r11, r12, M3, and M4 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (6): 
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Rs. Re. R7. Re. R9. Rio. R11. R12. Ri3» Ru. r5, r6 f r7, r8, r9, fiO, r11, r12, r13, and r14 are as defined above. 
More preferably, r5, r6, r7, r8, r9 t r10, r11, rt2, ii3 f and r14 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (7): 

25 
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R5. Re. R7. Re. R9. R10. R11. R12. R13. Ru. r5 » r7 « rS. r9 » r1 °. r11, r12 t r13. and r14 are as defined above. 
More preferably, r5, r6, r7, r8, r9, r10, r11 t r12, r13, and r14 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (8). 

so 
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R5. Re. R7. Re. Re. R10. R11. R12. R13. R u. r5 « ^ r7 « r8 » r9 < rIO, ii1 f r12, r13, and r14 are as defined above. 
More preferably; r5, r6 f r7, r8, r9, r10, M1, r12, r13, and r14 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (9). 

25 




45 

Rs. Re. R7. Re. R9. Rio. Rit. R12. R13. Ru. r5, r6 t r7, r8, r9, rIO, r11 f r12, r13, and r14 are as defined above. 
More preferably, r5 f r6, r7, r8, r9, r10, r11, r12 t r13, and r14 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (10). 

50 
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(R 17 )rl 



(Ris)r15 




(Rl8)r1f 



(^16)r16 
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20 



Ar, and Ar 2 which may be identical or different are aryf groups; R 15 and R 16 are independently selected 
from the group consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and halogen 
atom; r15 and ii6 are independently 0 or an integer of 1 to 4; R i7 and R 1fl are independently selected from the 
group consisting of an alkyl group, aikoxy group, aryloxy group, amino group and halogen atom; r17 and r18 
are independently 0 or an integer of 1 to 5; Rs and Re are independently selected from the group consisting 
of an alkyl group, alkoxy group, amino group, and halogen atom; and rS and r6 are independently 0 or an integer 
of 1 to 4. More preferably, r5, r6, ri5, r16, ii7, and r18 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (11). 
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(11) 




(Ris)n 



Ar t and Ar 3 which may be identical or different are aryl groups; R 15 and R 2 <> are independently selected 
from the group consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and halogen 
atom; r15 and r20 are independently 0 or an integer of 1 to 4; R 18 and R 19 are independently selected from the 
group consisting of an alkyl group, alkoxy group, aryloxy group, amino group and halogen atom; r18 and r19 
are independently 0 or an integer of 1 to 5; and Rs, R e , r5 and r6 are as defined above. More preferably, r5, 
r6, r15, ri8, r19, and r20 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (12). 



45 



50 
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(12) 




(Rt6)r16 



Ar lt Ar 2 , and Ar 3 which may be identical or different are aryl groups; R 15 , R 16 , and R^ are independently 
selected from the group consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and 
halogen atom; r15, r16, and r20 are independently 0 or an integer of 1 to 4; R 1fl is selected from the group 
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consisting of an alkyl group, alkoxy group, aryloxy group, amino group and halogen atom; ii 8 is 0 or an integer 
of 1 to 5; and R 6 . R*, r5 and r6 ar as defined above. More preferably, r5 t r6, r15, r16, r18. and r20 are equal 
toO. 

In a still further pref rred embodiment th compound has the following formula (13). 




Ar 4 and Ar 5 which may be identical or different are aryl groups; R 15 and R 16 are independently selected 
20 from the group consisting of an alkyi group, alkoxy group, aryl group, aryioxy group, amino group and halogen 
atom; M5 and r16 are independently 0 or an integer of 1 to 4; R 17 and R 18 are independently selected from the 
group consisting of an alkyl group, alkoxy group, aryloxy group, amino group and halogen atom; r17 and r18 
are independently 0 or an integer of 1 to 5; and Rfi, Re, r5 and r6 are as defined above. More preferably, r5, 
r6, r15, ri6, r17 f and r18 are equal to 0. 
25 In a still further preferred embodiment, the compound has the following formula (14). 



30 

(14) 

35 




Ar 4 and Ar ft which may be identical or different are aryl groups; R 15 and R 20 are independently selected 
from the group consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, amino group and halogen 
atom; r15 and r20 are independently 0 or an integer of 1 to 4; R 18 and R 19 are independently selected from the 
group consisting of an alkyl group, alkoxy group, aryloxy group, amino group and halogen atom; r18 and r19 
45 are independently 0 or an integer of 1 to 5; and R$, R 6 , r5 and r6 are as defined above. More preferably, rS, 
r6, r15, ii8, r19, and r20 are equal to 0. 

In a still further preferred embodiment, the compound has the following formula (15). 
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(15) 




10 



is Ar 4 , Ar 5 , and Ar 6 which may be identical or different are aryl groups; R 1St R 16 . and R 2 o are independently 

selected from the group consisting of an a Iky I group, alkoxy group, aryl group, aryloxy group, amino group and 
halogen atom; r15 t r16, and r20 are independently 0 or an integer of 1 to 4; Ri 8 is selected from the group 
consistingof an.alky! group, aikcxy group, aryloxy group, amino group and haiogen atom; r18 is 0 or an integer 
of 1 to 5; and Rs, Re, r5 and r6 are as defined above. More preferably, r5, r6 t r15, r!6, r18, and r20 are equal 

20 toO. 

In another aspect the present invention provides an organic electroluminescent (EL) element or device 
comprising at least one layer containing at least one organic electro-luminescent element-forming compound 
as defined above. 

Preferably the organic EL element includes at least one mix layer containing a mixture of at least one or- 
25 ganic EL element-forming compound as defined above and at least one compound having an electron injecting 
and transporting function. Preferably, the compound having an electron injecting and transporting function is 
tris(8-quinolinolato)aluminum. Preferably, the mix layer is a light emitting layer. 

Preferably, the layer containing at least one organic EL element-forming compound is doped with a fluor- 
escent material, typically rubrene. 
30 Preferably, the layer containing at least one organic EL element-forming compound is a hole injecting and 

transporting layer and the element further includes a light emitting layer. The hole injecting and transporting 
layer preferably includes at least two layers having different compositions. Preferably at least one of the hole 
injecting and transporting layers contains a polythiophene. 

Also preferably, the organic EL element further includes an electron injecting and transporting layer 
35 Further preferably, the layer containing at least one organic EL element-forming compound is a layer having 

a hole injecting and transporting function; a layer having a light emitting function or electron injecting and trans- 
porting function is disposed adjacent the layer; and the difference in ionization potential Ip between the layer 
having a hole injecting and transporting function and the layer having a light emitting function or electron in- 
jecting and transporting function is at least 0.25 eV. 
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BENEFITS OF THE INVENTION 



The compounds for use in organic EL elements according to the invention are tetraaryidiamine derivatives 
of formula (1) having a high melting point and a high glass transition temperature (Tg). Thin films formed from 
45 these compounds as by evaporation are of quality in that they are transparent, keep a stable amorphous state 
at room temperature or higher, and maintain a smooth surface film of quality over an extended period of time. 
Therefore, the compounds can be formed into thin films by themselves without a need for binder resins. 

These advantages are derived from the following facts. 1) The compound is increased in molecular weight 
so as to have a higher melting point 2) A bulky substituent providing steric hindrance such as a phenyl group 
50 is introduced to optimize intermolecularoverlap. 3) The number of conformations that the molecule can assume 
is increased to restrain rearrangement of the molecule. 

Further due to inclusion of many hole injecting and transporting units such as N-phenyl groups and intro- 
duction of phenyl groups in R y to R* to form biphenyl groups, there is available an expanded ^-conjugated sys- 
tem which is advantageous for carrier transportation. This results In a significantly improved hole injecting and 
55 transporting capability. 

Since the organic EL element of the invention uses a tetraaryidiamine derivative of formula (1) as an or- 
ganic EL element-forming compound in an organic compound layer, typically a hole injecting and transporting 
layer, the element ensures uniform plane light emission and maintains high luminance over a long period of 
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time in a stable manner. The element maintains emission at a high luminance of about 100 to 100,000 cd/m 2 
or even higher over a long period of time in a stabl manner though the luminance depends on the wavelength 
of m it ted radiation. It Is to be noted that th organic EL elem nts of the invention emit light at a maximum 
wavelength in the range of about 350 to 700 nm. Heat resistance and durability are high enough to allow for 

5 stable operation of the element even at a current density as high as about 1 A/cm 2 or more. 

In an embodiment wherein the inventive compound is used in an organic compound layer of an organic 
EL element, the energy level is optimized and carries are effectively blocked at the interface, ensuring stable 
carrier recombination and light emission. Especially when the inventive compound is used in a hole injecting 
and transporting layer of an organic EL element, the difference in ionization potential Ip between the hole in- 
to jecting and transporting layer and a layer disposed adjacent thereto and having a light emitting or luminescent 
function (inclusive of a light emitting layer also serving as an electron injecting and transporting layer, that is, 
light emitting/electron injecting and transporting layer) or between the hole injecting and transporting layer 
and an electron injecting and transporting layer disposed adjacent thereto (where the hole injecting and trans- 
porting layer is a layer having a hole injecting and transporting function and also serving as a light emitting 

is layer) is optimized. Then the carrier blocking effect at the interface is enhanced and injection of polarly inferior 
or unstable carriers is less probable. The organic compounds in the respective layers are less susceptible to 
damage and few points of deactivation of carriers or excitons are created in the carrier recombination region 
or light emitting region. This results in stable light emission and a significantly extended life. 

In an embodiment wherein an organic compound layer containing a mixture of the inventive compound 

20 and a compound having an electron injecting and transporting function is provided, typically as a light emitting 
layer, carrier hopping conduction paths are created in the mix layer, allowing carriers injected into the mix layer 
to move through a polarly predominant material. More particularly, holes move through a hole injecting and 
transporting material and electrons move through an electron injecting and transporting material while injec- 
tion of carriers of opposite polarity is rather inhibited. The respective organic compounds are less susceptible 

25 to damage. As a result, the EL element has a substantially extended life. 

In an embodiment wherein an organic compound layer containing the inventive compound is doped with 
a fluorescent material, by using the inventive compound in a hole injecting and transporting layer of an organic 
EL element, the difference in ionization potential Ip between the hole injecting and transporting layer and a 
layer disposed adjacent thereto and having a light emitting function (inclusive of a tight emitting layer also serv- 

30 ing as an electron injecting and transporting layer, that is, light emitting/electron injecting and transporting lay- 
er) or between the hole injecting and transporting layer and an electron injecting and transporting layer dis- 
posed adjacent thereto (where the hole injecting and transporting layer is a layer having a hole injecting and 
transporting function and also serving as a light emitting layer) is optimized. Then the carrier blocking effect 
at the interface is enhanced and injection of polarly inferior or unstable carriers is less probable. The organic 

35 compounds in the respective layers are less susceptible to damage and few points of deactivation of carriers 
or excitons are created in the carrier recombination region or light emitting region. Where the org anic compound 
layer is additionally doped with a fluorescent material in the form of rubrene, which has a bipolar transporting 
ability and allows for carrier recombination, the damage to the organic compound is accordingly reduced. Fur- 
ther, since rubrene is present in proximity to the carrier recombination region, energy transfer from excitons 

40 to rubrene takes place to reduce non-radiative deactivation, resulting in stable light emission and a significantly 
extended life. . 



BRIEF DESCRIPTION OF THE DRAWINGS 



45 The foregoing aspects and other features of the invention are explained in the following description, taken 

in connection with the accompanying drawings where: 

FIG. 1 is a side elevation of an exemplary organic EL element according to one embodiment of the inven- 
tion. 

FIG. 2 is a block diagram showing a low energy electron spectrometer system. 
so FIG. 3 is a graph showing a photoelectron yield as a function of excitation energy. 

FIG. 4 is a diagram showing a IR absorption spectrum of the inventive compound (1-1) of Example 1. 
FIG. 5 Is a diagram showing a NMR spectrum of compound (1-1). 

FIG. 6 is a diagram showing a IR absorption spectrum of the inventive compound (11-1) of Example 2. 
FIG. 7 Is a diagram showing a NMR spectrum of compound (11-1). 
55 FIG. 8 is a diagram showing a IR absorption spectrum of the inventive compound (VIM) of Example 3. 

FIG. 9 Is a diagram showing a NMR spectrum of compound (VI 1-1). 

FIG. 10 is a diagram showing a IR absorption spectrum of the inventive compound (X-10) of Example 4. 
FIG. 11 is a diagram showing a NMR spectrum of compound (X-10). 
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DETAILED DESCRIPTION OF THE INVENTION 

The compound for use in an organic EL el ment according to the invention, which is often referred to as 
"inventive compound" throughout the specification, is a tetraaryldiamine derivative of formula (1). 

5 



10 



15 




In formula (1). R- s R 2 , Rs, and R* independently represent an aryi group, aikyi group, aikoxy group, aryloxy 
group, amino group or halogen atom. They may be identical ordifferent. At least one of R,, R 2 , R 3 , and Regroups 

20 is an aryi group. Letters r1, r2, r3, and r4 are independently 0 or an integer of 1 to 5. All of r1, r2, r3, and r4 
are not equal to 0 at the same time. Therefore, the sum of r1 + r2 + r3 + r4 is an integer of 1 or more which 
satisfies the requirement that at least one aryi group is present R$ and Re independently represent an alkyl 
group, aikoxy group, amino group or halogen atom. They may be identical or different Letters r5 and r6 are 
independently 0 or an integer of 1 to 4. 

25 The aryi group represented by Rj to R4 may be either monocyclic or polycyclic and inclusive of a fused 

ring and gathered rings. The aryi group preferably has 6 to 20 carbon atoms in total and may have a substituent. 
Exemplary substituents are alkyl, aikoxy, aryi, aryloxy, amino groups, and halogen atoms. Illustrative exam- 
ples of the aryi group represented by to R4 include phenyl, o-, m- and p-tolyl, pyrenyl, naphthyl, anthryi, 
biphenyl, phenylanthryl, and tolyianthryl groups, with the phenyl group being preferred. The aryi group, espe- 

30 cially phenyl group is preferably attached to the 3- or 4- position (meta- or para-position) of the benzene ring 
with respect to the position of attachment to the nitrogen atom. 

The alkyl group represented by R A to R4 may be either normal or branched. The alkyl group preferably has 
1 to 10 carbon atoms and may have a substituent Exemplary substituents are the same as described above 
in conjunction with the aryi group. Illustrative examples of the alkyl group represented by Rj to R* include me- 

35 thyl, ethyl, n- and i-propyl, and n-, i-, s- and t-butyl groups. 

The aikoxy group represented by R t to R4 is preferably one in which the alkyl moiety has 1 to 6 carbon 
atoms. It may have a substituent Illustrative examples of the aikoxy group represented by R n to R* include 
methoxy, ethoxy, and t-butoxy groups. 

Examples of the aryloxy group represented by R t to R4 include phenoxy, 4-methylphenoxy, and 4-(t-bu- 

40 tyl)phenoxy groups. 

The amino group represented by R, to R4 may be either substituted or unsubstituted, preferably substi- 
tuted. Exemplary are dimethylamino, diethylamino, diphenylamino, bis(biphenyi)amino, N-phenyl-N-tolylami- 
no, N-phenyl-N-biphenylamino, bis(naphthylamino), bis(anthryl)amino, and bis(pyrenyl)amino groups. 
Exemplary of the halogen atom represented by R^ to R4 are chlorine and bromine atoms. 

45 At least one of R, to R4 is an aryi group. Preferably two to four aryi groups are present in a molecule as 

Rt to R4, and two to four of rl to r4 are preferably integers of at least 1. Further preferably, two to four aryi 
groups in total are present in a molecule, more preferably two to four of r1 to r4 are equal to 1 , especially r1 to 
r4 being equal to 1. Most preferably all of R-, to R4 included are aryi groups. More particularly, on the four ben- 
zene rings which may have R t to R4 substituents in a molecule, there may be present two to four aryi groups 

so in total. The benzene ring to which two to four aryi groups are attached may be identical or different among 
the four benzene rings although it is preferred that two to four aryi groups are individually attached to different 
benzene rings. It is more preferred that at least two aryi groups are attached to the corresponding benzene 
rings at their para- or meta-posttion with respect to the position of attachment to the nitrogen atom. It is pre- 
ferred that among the aryi groups, at least one is a phenyl group, that is, an aryi group and the benzene ring, 

55 taken together, form a 4- or 3-biphenylyl group with respect to the nitrogen atom. Especially, two to four 4- or 
3-biphenylyl groups are included. In this case, either one or both of 4- and 3-biphenylyl groups may be present 
Preferred aryi groups other than phenyl include 1- or 2-naphthyl, 2- or 9-anthryi, pyrenyl, perylenyl and 
coronenyl groups. Also preferably, aryi groups other than phenyl are attached to the corresponding benzene 
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rings at their para- or meta-position with respect to the position of attachment to the nitrogen atom. A mixture 
of phenyl and other aryl groups is also acceptable. 

In formula (1), R 6 and Re repr sent an alkyl group, alkoxy group, amino group or halogen atom, examples 
of which are the same as described for R^ to R4. Although letters r5 and r6 are independently 0 or an integer 
of 1 to 4, it is preferred that both r5 and r6 be equal to 0. It is preferred that the biphenylene group connecting 
the two arylamino groups be unsubstituted. 

Where r1 to r4 are integers of at least 2, the groups represented by each of R., to R4 may be identical or 
different Similarly, where r5 and r6 are integers of at least 2, the groups represented by each of R 5 and R$ 
may be identical or different. 

Preferred among the compound of formula (1) are compounds of formulae (2) and (3). 




Formula (2) is first described. In formula (2), A 1t A 2 , A 3 , and A*, which may be identical or different, are 
phenyl groups attached to the corresponding benzene rings at their para- or meta-position (4- or 3-position) 
with respect to the position of attachment to the nitrogen atom. These phenyl groups may be substituted or 
unsubstituted, with the preferred substituents being the same as described for the aryl group represented by 
Ri to R4. 

R 7 to R 10 independently represent an alkyl group, alkoxy group, aryl group, aryloxy group, amino group 
or halogen atom. They may be identical or different. Illustrative examples of these groups are the same as 
described for R 1 to R4 of formula (1). 

Letters r7 to r10 are independently 0 or an integer of 1 to 4. Preferably r7 to MO are equal to 0. 

R 5 , Rs, r5 and r6 are as defined for formula (1), with r5 = r6 = 0 being preferred. 

Where r7 to r10 are integers of at least 2, the groups represented by each of R 7 to R 10 may be identical or 
different. 

Next formula (3) is described. In formula (3), Ar is an aryl group attached to the corresponding benzene 
ring at its para- or meta-position with respect to the position of attachment to the nitrogen atom. Exemplary 
aryl groups are the same as the aryl group represented by R-i to R4. in formula (1). The aryi group may be sub- 
stituted or unsubstituted, with the preferred substituents being the same as described for the aryl group rep- 
resented by Ri to R4. An amino group is a preferred substituent. It is noted that the amino group may be cyclized 
to form a heterocyclic ring. Exemplary amino groups are those amino groups described in conjunction with R^ 
toR*. 

Z-t, Z 2 , and Z 3 independently represent an alkyl group, alkoxy group, aryl group, aryloxy group, amino group 
or halogen atom. Examples of these groups are the same as previously described in conjunction with Ri to R4 
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in formula (1). At least on of Z 1f Z 2 , and Z 3 is an aryl group attached to the corresponding benzene ring at the 
para- or meta-position with resp ct to the position of attachment to the nitrogen atom. It is to be noted that all 
of At, Z 1t Z 2 , and Z 3 are not phenyl groups each attach d to the corresponding benzene ring at the para- or 
meta-position with respect to the position of attachment to the nitrogen atom at the same time. It is preferred 
that two to three of the four benzene rings each have an aryl group at the para-or meta-position. It is thus pre- 
ferred that one or two of Z, to Z 3 groups are such aryl groups. Preferred aryl groups include 1- and 2-naphthyl, 
1-, 2- and 9-anthryi, pyrenyl, perylenyl and coronenyl groups, with phenyl being most preferred. The aryl groups 
represented by Z, to Z 3 may be substituted or unsubstituted, with the preferred substituents being the same 
as described for the aryl group represented by R, to R*. An amino group is a preferred substituent. Exemplary 
amino groups are those amino groups described in conjunction with to R4. 

Letters s1, s2 t and s3 are independently 0 or an integer of 1 to 5. They are not equal to 0 at the same 
time, that is, the sum of s1, s2 and s3 is an integer of at least 1. Preferably s1 to s3 are respectively 0 or 1, 
more preferably one or two of s1 to s3 are equal to 1 and the remainings are 0. Z y to Z 3 included when s1 to 
s3 are equal to 1 are preferably aryl groups, especially phenyl groups attached to the corresponding benzene 
rings at their para- or meta-position with respect to the position of attachment to the nitrogen atom. Where s1 
to s3 in formula (3) are integers of at least 2, the respective Z, to Z 3 groups may be identical or different. 

In formula (3), Rq and rO are as defined for R 7 and r7 in formula (2), respectively. Rg, R*. r5 and r6 are as 
defined in formula (2), with their preferred examples and ranges being also the same. 

Most preferred among the compound of formula (2) are compounds of formulae (4) to (9). 




15 



EP0 666 298 A2 




16 



EP 6 666 298 A2 




17 



EP 0 666 298 A2 



10 



15 



(9) 



(F*i3)n 




(Rl4) 



r14 



(R 7 ) 



20 



25 



30 



In these formulae, R n to R 14 independently represent an alkyl group, alkoxy group, aryl group, aryloxy 
group, amino group or halogen atom. They may be identical or different Illustrative examples of these groups 
are the same as described for R n to R4 of formula (1). 

Letters r11 to r14 are independently 0 or an integer of 1 to 5. It is preferred in all formulae (4) to (9) that 
r11 to r14 be equal to 0. Where r11 to r14 are integers of at least 2, the groups represented by each of R,-, to 
Ru may be identical or different. 

In formulae (4) to (9), R 6 to R 10 and r5 to ii0 are as defined in formula (2), with their preferred examples 
and ranges being also the same. 

Most preferred among the compound of formula (3) are compounds of formulae (10) to (15). 
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In these formulae. Ar n to Ar 6 are aryl groups. A^ and Ar 2 in formula (10), and Ar 3 in formula (11), Ar 1t 
Ar 2 and Ar 3 In formula (1 2), Ar 4 and Ar 5 in formula (1 3), Ar 4 and Ar 8 in formula (14), and Ar 4 , Ar5 and Ar 6 in formula 
(15) may be identical or different. Illustrative examples of the aryl group are the same as described for R-i to 
20 R4 of formula (1), with the phenyl group being especially preferred. 

R 16 in formulae (10) to (15), R 16 in formulae (10), (12), (13) and (15). and R20 in formulae (11), (12), (14) 
and (15) independently represent an alky I group, alkoxy group, aryl group, aryfoxy group, amino group or ha- 
logen atom. R 16 and R 16 in formula (10) or (13), R 15 and R20 in formula (11) or (14), and R 16f R 16 and R 2 o in 
formula (12) or (15) may be identical or different Illustrative examples of these groups are the same as de- 
25 scribed for to R4 of formula (1). 

Letters r15 in formulae (10) to (15), ri6 in formulae (10), (12), (13) and (15), and r20 in formulae (11), (12), 
(14) and (15) are independently 0 or an integer of 1 to 4, with M5 = r16 = r20 = 0 being preferred. 

R 17 in formulae (10) and (13), R 18 in formulae (10) to (15), and R 19 in formulae (11) and (14) independently 
represent an alkyf group, alkoxy group, aryloxy group, amino. group or halogen atom. R 17 and R 18 in formula 
30 (10) or (1 3) and R 18 and R 19 in formula (11) or (14) may be identical or different. Illustrative examples of these 
groups are the same as described for Rj to R 4 of formula (1). 

Letters r17 in formulae (10) and (13), r18 in formulae (10) to (15), and r19 in formulae (11) and (14) are 
independently 0 or an integer of 1 to 5, with r17 = r18 = r19 = 0 being preferred. 

In formulae (10) to (15), where ii5, ri6 and r20 are integers of at least 2, the groups represented by each 
35 of R 15 , R 16 and R 20 may be identical or different and where r1 7, r1 8 and r19 are integers of at least 2, the groups - 
represented by each of R 17 , R 18 and R 19 may be identical or different 

In formulae (10) to (15), R^ R$, r5 and r6 are as defined for formula (1), with r5 = r6 = 0 being preferred. 

Illustrative, non-limiting examples of the compound of formula (1) are given below. Formulae (16) through 
(27) are general formulae. Tables 1 through 12 show combinations of R groups in formulae (16) through (27), 
40 respectively. In these Tables, except for A^ to Ar 8 , where all R groups under the same heading are hydrogen 
atoms, it is shown simply by H. Where there is a substituent, only the substituent is shown, indicating that the 
remainings are hydrogen atoms. 
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45 The inventive compounds can be synthesized by exactly or approximately the same method as described 1 

in Jean Piccard, Herr. Chim. Acta., 7, 789 (1924) and Jean Piccard, J. Am. Chem. Soc, 48, 2878 (1926). More 
particularly, they can be prepared by effecting Ullman reaction, that is, by heating a combination of a di(bi- 
phenyl)amine compound and a diiodobiphenyl compound, a combination of a N ( N'-diphenyl-benzidine com- 
pound and iodobiphenyi compound or a similar combination in the presence of copper. These compounds can 

so be identified by elemental analysis, infrared absorption spectroscopy (IR), nuclear magnetic resonance spec- 
troscopy (proton NMR), etc. 

In general, the inventive compounds have a molecular weight of about 640 to about 2,000, a high melting 
point of about 190 to about 300°C, and a high glass transition temperature (Tg) of about 80 to about 200°C. 
By conventional vacuum deposition or the like, they form a transparent, smooth film of quality which maintains 

55 a stable amorphous state even above room temperature and over a long period of time. Some of the inventive' 
compounds do not have a melting point and remain amorphous at elevated temperatures. Without a need for 
binder resin, the inventive compounds can be formed into a thin film by themselves. 
The inventive compounds may be used alone or in admixture of two or more. 
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The organic EL element of the invention includes at least one organic compound layer. The organic com- 
pound lay r or at least one of organic compound layers contains the inv nttve compound. One exemplary struc- 
tur of the organic EL element according to the present invention is shown in FIG. 1 . The EL element generally 
designated at 1 in FIG. 1 includes on a substrate 2, an anod 3, a hoi injecting and transporting layer 4, a 
5 light emitting layer 5, an electron injecting and transporting layer 6, and a cathode 7 stacked in the described 
order from bottom to top. 

The light emitting layer has multi-functions of injecting holes and electrons, transporting them, and recom- 
bining holes and electrons to create excitons. A relatively electronically neutral compound is preferably used 
in the light emitting layer. The hole injecting and transporting layer hasfunctions of facilitating injection of holes 

10 from the anode, transporting them, and obstructing electron transportation. The electron injecting and trans- 
porting layer has functions of facilitating injection of electrons from the cathode, transporting them, and ob- 
structing hole transportation. These two layers are effective for increasing the number of holes and electrons 
injected into the light emitting layer and confining holes and electrons therein for optimizing the recombination 
region to improve light emission efficiency. Therefore the hole and electron injecting and transporting layers 

15 are optionally provided by taking into account the magnitude of the respective functions of the compound used 
in the light emitting layer for electron injection and transportation and hole injection and transportation. For 
example, if the compound used in the light emitting layer has an enhanced hole or electron injecting and trans- 
porting function, the hole or electron injecting and transporting layer may be omitted because the light emitting 
layer itself can also serve as a hole or electron injecting and transporting layer. In some cases, both the hole 

20 and electron injecting and transporting layers may be omitted. Each of the hole and electron injecting and 
transporting layers may consist of two sublayers, one sublayer having an injection function and another sub- 
layer having a transporting function. 

The thicknesses of the light emitting layer, hole injecting and transporting layer, and electron injecting and 
transporting layer are not critical and varies with a particular formation technique. Usually a single layer is about 

25 5 to 1 ,000 nm thick, especially about 10 to 200 nm. 

The thicknesses of the hole injecting and transporting layer and electron injecting and transporting layer 
are equal to or range from 1/10 to 10 times the thickness of the light emitting layer although they depend on 
the design of a recombination/light emitting region. When the electron or hole injecting and transporting layer 
is divided into an injection layer and a transporting layer, preferably the injection layer is at least 1 nm thick 

30 and the transporting layer is at least 20 nm thick. The upper limit of thickness is about 100 nm for the injection 
layer and about 1,000 nm for the transporting layer. These film thickness ranges also apply when two (first 
and second) injecting and transporting layers are formed. 

A freedom of design of the recombination/light emitting region is available by controlling the film thick- 
nesses in consideration of the carrier mobility and carrier density (which is dependent on ionization potential 

35 and electron affinity) of the light emitting layer, hole injecting and transporting layer, and electron injecting 
and transporting layer to be combined. This enables free design of luminous color, control of the luminance 
and spectrum of light emission by the interference of the electrodes, and control of the space distribution of 
light emission. 

The inventive compound is applicable to either a light emitting layer or a hole injecting and transporting 

40 layer. Preferably the inventive compound is used in a hole injecting and transporting layer because it excels 
in hole injecting and transporting ability. 

Described below is the preferred embodiment wherein the inventive compound is used in a hole injecting 
and transporting layer. The hoje injecting and transporting layer may be formed by evaporating the inventive 
compound or by dispersing the inventive compound in a resin binder and coating the dispersion. Especially 

45 by evaporation, a satisfactory amorphous film is deposited. 

Any of various organic compounds used in conventional organic EL elements, for example, the organic 
compounds described in JP-A 295695/1 988, 19169471990, and 000792/1991 may be concomitantly used in 
the hole injecting and transporting layer. For example, any of aromatic tertiary amines other than the inventive 
compounds, hydrazone derivatives, carbazole derivatives, triazole derivatives, imidazole derivatives, oxadia- 

so zole derivatives having an amino group, and polythiophenes may be used in a layered or mixed manner along 
with the inventive compound. 

Where the hole injecting and transporting layer is formed as comprising a hole injecting layer and a hole 
transporting layer, two or more compounds are selected in a proper combination from the compounds com- 
monly used in hole injecting and transporting layers. In this regard, it is preferred to laminate layers such that 

55 a layer of a compound having a lower ionization potential may be disposed adjacent to the anode (ITO etc.). 
It is also preferred to use a compound having better thin film forming ability at the anode surface. This order 
of lamination also applies where a plurality of hole injecting and transporting layers are provided. Such an order 
of lamination is effective for lowering drive vol tag and preventing current leakage and development and growth 
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of local dark spots. Since evaporation is utilizable in manufacturing elements, thin films of about 1 to 10 nm 
thick can be formed uniform and pinhole-free. This restrains any change in color tone of tight emission and a 
drop of efficiency by re-absorption ven if a compound having a low ionization potential and absorption in the 
visible range is used in the hole injecting and transporting layer. 

5 Polythiophene Is a preferred organic compound to be combined with the hole injecting and transporting 

layer containing the inventive compound as a major component From the standpoint of ionization potential, it 
is recommended to deposit by evaporation polythiophene on an anode as a hole injecting layer or a first hole 
injecting and transporting layer of good thin film quality and then deposit the inventive compound thereon as 
a hole transporting layer or a second hole injecting and transporting layer. 

10 The polythiophenes which can be used in the invention include a polymer A having a structural unit of for- 

mula (28), a copolymer B having structural units of formulae (28) and (29), and a polymer C having a structural 
unit of formula (30). 
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(31) 




In formulae (28) and (31), each of R^ and R 32 is a hydrogen atom, an aromatic hydrocarbon group or an 
aliphatic hydrocarbon group while R 31 and R32 may be identical or different. The aromatic hydrocarbon groups 

15 represented by R3-1 and R^ may be substituted orunsubstituted ones and preferably have 6 to 15 carbon atoms. 
Exemplary siibstituents, if any, are alky], alkoxy, amino and cyano groups. Exemplary aromatic hydrocarbon 
groups include phenyl, tolyl, methoxy phenyl, biphenyl and naphthyl groups. The aliphatic hydrocarbon groups 
represented by R 31 and R^ include alkyl and cycloalkyl groups which may be substituted orunsubstituted ones. 
Preferred are those groups having 1 to 6 carbon atoms, for example, methyl, ethyl, i-propyl and t-butyl groups. 

20 Preferably R 31 and R32 are hydrogen atoms or aromatic hydrocarbon groups, with hydrogen being most pre- 
ferred. 

Polymer A in the layer has an average degree of polymerization, represented by m in formula (31), of 4 to 
1 00, preferably 5 to 40, more preferably 5 to 20. Polymer A may be either a homopolymer consisting of identical 
recurring units of formula (28) or a copolymer consisting essentially of recurring units of formula (28) having 
25 different combinations of R31 and R32. The copolymer may be any of random, alternate and block copolymers. 
Polymer A in the layer preferably has a weight average molecular weight of about 300 to about 10,000. 

Polymer A is terminated with terminal groups, represented byX t and X 2 in formula (31), which are hydrogen 
atoms or halogen atoms such as chlorine, bromine and iodine. The terminal groups introduced generally de- 
pend on the starting material from which polymer A is synthesized. Alternatively, a suitable substituent may 
30 be introduced at the final stage of polymerization reaction. 

Preferably polymer A consists of structural units of formula (28) although it may contain less than 10 mol% 
of another monomelic component 

Some illustrative, preferred examples of polymer A is shown below by picking up the combination of R 31 
and R 32 in formula (28) or (31). 

35 



Table 13: Polymer A 



Polymer 


R31 


R32, 




A-1 


H 


H 


homopolymer 


A-2 


H 


Ph 


homopolymer 


A-3 


Ph 


H 


homopolymer 


A-4 


Ph 


Ph 


homopolymer 


A- 5 


H 


CH 3 


homopolymer 


A-6 


H 


t-C 4 H 9 


homopolymer 



50 Next thiophene copolymer B is described. Copolymer B has structural units of formulae (28) and (29). For 

example, copolymer B is represented by the following formula (32). 



55 
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(32) 




Formula (28) is as defined above. Then in formula (32) P R 31 and R 32 are as defined above for formula (28). 

In formulae (29) and (32), each of R33 and is a hydrogen atom, an aromatic hydrocarbon group or an 
aliphatic hydrocarbon group while R33 and R34 may be identical or different Examples of the aromatic and ali- 
phatic hydrocarbon groups represented by R33 and R34 are the same as enumerated for R3, and R32, with their 
15 preferred examples being also the same. Further R33 and R^ taken together may form a ring which is fused 
to the thiophene ring. A benzene ring is a typical fused ring. 

Like polymer A, copolymer B in the layer has an average degree of polymerization, represented by v + w 
in formula (32), of 4 to 100, preferably 5 to 40, more preferably 5 to 20. The molar ratio of the- structural unit 
of formula (28) to the structural unit of formula (29) may range from about 10/1 to about 1/10. Copolymer B in 
20 the layer preferably has a weight average molecular weight of about 300 to about 10,000. 

Copolymer B is terminated with terminal groups, represented by X n and X 2 in formula (32), which are hy- 
drogen atoms or halogen atoms as in polymer A. The terminal groups generally depend on the starting materials 
from which copolymer B is synthesized. 

Preferably copolymer B consists of structural units of formulae (28) and (29) although it may contain less 
25 than 1 0 mol% of another monomeric component Copolymer B may be any of random, alternate and block co- 
polymers, which are all encompassed by the structural formula (32). The structural units of each of formulae 
(28) and (29) may be identical or different 

Some illustrative, preferred examples of copolymer B is shown below by picking up the combination of R 31? 
R32. R33 and R34 in formula (32). 

30 



Table 14: Copolymer B 



Copolymer 


R31 


R32 


R33 


R34 


B-1 


H 


H 


H 


H 


B-2 


H 


CH 3 


H 


H 


B-3 


H 


Ph 


H 


H 


B-4 


H 


Ph 


Ph 


Ph 



Next thiophene polymer C is described. Polymer C is represented by formula (30) wherein R^ and R34 are 
as defined for formula (29), with their preferred examples being also the same. 

Xi and X 2 represent terminal groups and may be either identical or different Like the terminal groups of 
polymer A and copolymer B, the terminal groups represented by Xi and X 2 are hydrogen atoms or halogen, 
atoms such as chlorine, bromine and iodine. The terminal groups Xi and X 2 generally depend on the starting 
materiaJ from which polymer C is synthesized. 

Like polymer A and copolymer B, polymer C in the layer has an average degree of polymerization, repre- 
sented by n in formula (30), of 4 to 1 00, preferably 5 to 40. more preferably 5 to 20. Polymer C may be either 
a homopolymer consisting of recurring units having an identical combination of R M and R34 or a copolymer 
consisting essentially of recurring units having different combinations of and R^. The copolymer may be 
any of random, alternate and block copolymers. Polymer C in the layer preferably has a weight average mo- 
lecular weight of about 300 to about 10,000. 

Preferably polymer C is of the structure shown by formula (30) although it may contain less than 10 mol% 
of another monomeric component like polymer A and copolymer B. 

Some illustrative, preferred examples of polymer C is shown below by picking up the combination of R33 
and R^ in formula (30). 
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Table 15: Polymer C 



Copolymer 


R M 


R M 




C-1 


H 


H 


homopolymer 


C-2 


H 


Ph 


homo polymer 


C-3 


Ph 


Ph 


homopolymer 


C-4 


H 


4-meth oxy p he nyl 


homopolymer 


C-5 


CH 3 


CH 3 


homopolymer 


C-6 


H 


CH 3 


homopolymer 



In the practice of the invention, use of a polythiophene in the form of polymer C is most preferred. Poiy- 
thiophenes may be used alone or in admixture of two or more. 

The polythiophenes used herein have a melting point of higher than 300°C and some have no melting point. 
They can be evaporated and deposited in vacuum to form amorphous or microcrystalline thin films of quality. 

In the above-mentioned embodiment wherein the inventive compound is used in the hole injecting and 
transporting layer, the light emitting layer contains a fluorescent or luminescent material which is a compound 
having a light emitting function. The fluorescent or luminescent material may be selected from compounds as 
disclosed in JP-A 264692/1988, for example, quinacridone, rubrene, and styryi dyes alone or in admixture. 
Other useful examples include metal complex dyes such as tris(8-quinoiinolato)aluminum, tetraphenylbuta- 
diene, anthracene, perylene, coronene, and 12-phthaloperinone derivatives. By evaporating the organic flu- 
orescent or luminescent material or by dispersing it in a resin binder and coating the dispersion, a light emitting 
layer is formed to a predetermined thickness. 

For the electron injecting and transporting layer, there may be used organic metal complex derivatives 
such as tris(8-quinolinolato)aluminum, oxadiazole derivatives, perylene derivatives, pyridine derivatives, pyr- 
imidine derivatives, quinoline derivatives, quinoxaline derivatives, diphenylquinone derivatives, and nitro-sub- 
stttuted fluorene derivatives. In an embodiment wherein the electron injecting and transporting layer also 
serves as a light emitting layer, use of tris(8-quino1inofato)aluminum is preferred. Like the hole injecting and 
transporting layer and light emitting layer, the electron injecting and transporting layer may be formed by evap- 
oration. 

Where the electron injecting and transporting layer is formed as comprising an electron injecting layer and 
an electron transporting layer, two or more compounds are selected in a proper combination from the com- 
pounds commonly used in electron injecting and transporting layers. In this regard, it is preferred to laminate 
layers such that a layer of a compound having a greater electron affinity may be disposed adjacent to the cath- 
ode. This order of lamination also applies where a plurality of electron injecting and transporting layers are 
provided. 

The organic compound layer may further contain a singtet oxygen quencher. Exemplary quenchers include 
rubrene, nickel complexes, diphenytisobenzofuran, and tertiary amines, with the rubrene being preferred. 
When combined with the inventive compound, the quencher may be present in an amount of less than 10 mol% 
of the inventive compound. 

In one preferred embodiment of the present invention, the organic compound layer or layers are preferably 
doped with rubrene. Doping may be carried out throughout the organic compound layer, preferably throughout 
the hole injecting and transporting layer. It is believed preferable that rubrene be present in a carrier recom- 
bination region, a light emitting region and the proximity thereof, for example, the interface of an organic com- 
pound layer In contact with a hole injecting and transporting layer. Then doping need not necessarily be carried 
out throughout the hole injecting and transporting layer. Therefore doping may be limited to a half area of the 
hole injecting and transporting layer which is disposed adjacent to the light emitting layer (which may also serve 
as an electron injecting and transporting layer) or the electron injecting and transporting layer (where the hole 
injecting and transporting layer also serves as a light emitting layer) although doping is generally carried out 
throughout the hole injecting and transporting layer. In some cases, doping may be carried out throughout the 
hole injecting and transporting layer ora half area of the hole injecting and transporting layer which is disposed 
adjacent to the tight emitting layer or the electron injecting and transporting layer and a half region of the light 
emitting layer or electron injecting and transporting layer which is disposed adjacent to the hole injecting and 
transporting layer. Combined use of the inventive compound and rubrene is preferred particularly in the hole 
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inj ctfng and transporting layer. 

The doping concentration of rubrene is preferably about 0.1 to 50% by weight more preferably about 0.1 
to 30% by weight most preferably about 0.1 to 20% by weight of th entire layer to be doped because higher 
concentrations of rubrene can caus concentration quenching. 
5 Besides rubrene, it is also contemplated to dope with other fluorescent or luminescent materials. 

In one preferred embodiment of the invention, interposed between a layer containing the inventive com- 
pound and a layer containing a compound having another function is a mix layer containing a mixture of both 
the compounds, especially as a light emitting layer. For enhancing luminous intensity, the mix layer may be 
doped with a compound having a light emitting function (or fluorescent or luminescent material). 
10 Since the inventive compound has a hole injecting and transporting function, it is especially preferred to 

provide a mix layer containing a mixture of the inventive compound and a compound having an electron in- 
jecting and transporting function (inclusive of a compound further having a light emitting function) as a light 
emitting layer. The compound having an electron injecting and transporting function used in this mixture may 
be selected from the previously mentioned compounds for electron injection and transportation. Specifically 
15 use of tris(8-quinolinolato)aluminum is preferred. 

In the mix layer, the compounds having a hole or electron injecting and transporting function may be used 
alone or in admixture of two or more. The compound having a hole injecting and transporting function used 
in this mixture may be selected from the previously mentioned compounds for hole injecting and transporting 
as well as the inventive compounds. 
20 In one especially preferred structure, a hole injecting and transporting layer containing the inventive com- 

pound is disposed on a hole injecting and transporting layer containing polythiophene, and a mix layer con- 
taining a mixture of the inventive compound and a compound having an electron injecting and transporting 
function is interleaved between the hole and electron injecting and transporting layers as a light emitting layer. 

With respect to the mix ratio, which depends on carrier mobility, it is preferred that the inventive compound 
25 occupies about 30 to 70%, more preferably about 40 to 60%, especially about 50% by weight of the mix layer. 
Differently stated, the weight ratio of the inventive compound to the compound having an electron injecting 
and transporting function preferably ranges from about 30/70 to 70/30, more preferably from about 40/60 to 
60/40, especially about 50/50. 

The thickness of the mix layer preferably ranges from the thickness corresponding to a single molecule 
30 layer to less than the thickness of an organic compound layer. More particularly the mix layer has a thickness 
of from about 1 to about 85 nm, more preferably about 5 to 60 nm, most preferably about 5 to 50 nm. 

Preferably the mix layer is formed by co-deposition, that is, by simultaneously evaporating the compounds 
from distinct sources. If both the compounds have equal or close vapor pressure or evaporation temperature, 
they may be pre-mixed in a common evaporation boat, from which they are evaporated together, in the mix 
•35 layer, preferably both the compounds are uniformly mixed although the compounds can be present in island 
form. 

It is to be noted that the mix layer may also be used as an organic compound layer other than the light 
emitting layer. However, it is preferred that the mix layer form part of organic compound layers included in the 
element If all the organic compound layers are mix layers, the element sometimes fails to provide uniform 

40 light emission at high luminance. 

In the preferred embodiment, the inventive compound is used in the hole injecting and transporting layer 
as mentioned above. The difference in ionization potential Ip between the hole injecting and transporting layer 
and a fight emitting layer disposed adjacent thereto (which may also serve as an electron injecting and trans- 
porting layer) should preferably be at least 0.25 eV, especially 0.25 to 0.40 eV. It is understood that where a 

45 layer containing the inventive compound is a layer having a hole injecting and transporting function and also 
serving as a light emitting layer, the layer disposed adjacent thereto is an electron injecting and transporting 
layer, and accordingly the difference in ionization potential Ip in this case is that between the layer containing 
the inventive compound and the electron injecting and transporting layer. Note that the inventive compounds 
have an ionization potential Ip of about 5.0 to 5.4 eV in absolute value. 

so it is to be noted that the ionization potential Ip is determined by evaporating a compound onto a glass sub- 

strate having an ITO transparent electrode or slide glass to form a compound mono-layer film of about 10 to 
200 nm thick and measuring the ionization potential of the sample film by means of a low energy electron 
spectrometer Surface Analyzer Model AC-1 manufactured by Riken Keiki Co., Ltd. according to Shirahashi, 
Isobe & Uda, Electronic Parts and Materials, 123 (1985). 

55 FIG. 2 shows the construction of the low energy electron spectrometer system. The spectrometer generally 

designated at 10 includes a ultraviolet lamp 11, a monochrometer 12, a detector 13, a low energy electron coun- 
ter 14, a controller 15, a computing/display unit 16, and an X-Y stage 17. On measurement, a sample S rests 
onth X-Y stage 17. 
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The UV lamp 11 in the form of a deuterium discharge lamp emits UV radiation toward the monochrometer 
12 through which a light beam having a wavelength of 200 to 360 nm is passed and directed to the surface of 
the sampl S. The light b am having a wavelength of 200 to 360 nm has an energy of 6.2 to 3.4 eV as converted 
according to the equation: E = hv = h(c/X) wherein E is an energy, h is Planck's constant v is a frequency, and 
X is a wavelength. When the light is swept from a lower excitation energy level to a higher excitation energy 
level, electron emission due to the photoelectric effect starts at a certain energy level. This energy level is gen- 
erally known as a photoelectric work function. The thus emitted photoelectrons are detected and counted by 
the detector 13 and the low energy electron counter 14. The count is subject to arithmetic operations including 
a background correction and a correction for a count loss during a dead time and then displayed on the display 
unit 16 for indicating an electron emission as a function of excitation energy (basic characteristic) as shown 
in FIG. 3. As seen from the basic characteristic, the relationship between the photoelectron yield (count per 
second, cps) and the excitation energy (eV) is linear provided that a n factorial of photoelectron yield (cps) n is 
on the ordinate and the excitation energy is on the abscissarThe value of n is generally 1/2. The controller 15 
serves for wavelength driving of the monochrometer 12, control of the sample position on the X-Y stage 17, 
and count control of the low energy electron counter 14. 

Therefore, the photoelectron work function obtained from FIG. 3 is the ionization potential Ip used herein. 

Where a layer containing the inventive compound further contains another compound, the ionization po- 
tential Ip of this layer is regarded equal to the ionization potential Ip measured from a single layer film of the 
inventive compound if the inventive compound is a major component (typically having a content of more than 
50% by weight). Where a layer to be compared with the inventive compound-containing layer contains two or 
more compounds, the ionization potential Ip of this layer is regarded equal to the ionization potential Ip meas- 
ured from a single layer film of the primary compound constituting the majority (typically having a content of 
more than 50% by weight). 

As a general rule, the absolute value of ionization potential Ip of a single layer film of the inventive com- 
pound is lower than that of a compound to be compared therewith. 

It should be understood that the concept of ionization potential is not applicable to the arrangement wherein 
a mix layer is interposed between the relevant layers. 

In the practice of the invention, the cathode is preferably made of a material having a low work function, 
for example, Li, Na, Mg, AI, Ag, In and alloys containing at least one of these metals. The cathode should pre- 
ferably be microcrystalline, especially amorphous. The cathode is preferably about 10 to 1,000 nm thick. 

In order that the EL element produce plane light emission, at least one of the electrodes should be trans- 
parent or semi-transparent Since the material of the cathode is limited as mentioned just above, it is preferred 
to select the material and thickness of the anode so as to provide a transmittance of at least 80% to the emitted 
radiation. For example, the anode is preferably made of indium tin oxide (ITO), Sn0 2 , Ni, Au, Pt, Pd f and doped 
polypyrrole. The anode preferably has a thickness of about 10 to 500 nm. In order that the element be more 
reliable, the drive voltage should be low. For example, ITO having 10 to 30 O/cm 2 is preferred. 

The substrate may be made of any desired material although a transparent or semi-transparent material 
such as glass and resins is used in the illustrated embodiment wherein light exits from the substrate side. The 
substrate may be provided with a color or fluorescent filter film, a color-conversion film or layer or dielectric 
reflecting film for controlling emission light color. Where the substrate is made of an opaque material, the layer 
stacking order may be reversed from that shown in FIG. 1. 

Next, it is described how to prepare the organic EL element using the inventive compound. The cathode 
and anode are preferably formed by gas phase deposition techniques such as vacuum evaporation and sput- 
tering. The light emitting layer and hole and electron injecting and.transporting layers are preferably formed 
by vacuum evaporation because homogeneous thin films are available. By utilizing vacuum evaporation, there 
is obtained a homogeneous thin film which is amorphous or has a grain size of less than 0.1 um. The lower 
limit of grain size is generally about 0.001 \xm. If the grain size is more than 0.1 jxm, uneven light emission takes 
place and the drive voltage of the element must be increased with a substantial lowering of electric charge 
injection efficiency. 

The conditions for vacuum evaporation are not critical although a vacuum of 1 0- 3 Pa or lower and an evap- 
oration rate of about 0.1 to 1 nm/sec. are preferred. It is preferred to successively form layers in vacuum be- 
cause the successive formation in vacuum can avoid adsorption of impurities at the interface between the lay- 
ers, thus ensuring high quality and a lower drive voltage. 

In the embodiment. wherein the respective layers are formed by vacuum evaporation, where it is desired 
for a single layer to contain two or more compounds, boats having the compounds received therein are indi- 
vidually temperature controlled to achieve co-deposition. It is also acceptable to evaporate a pre-mix of two 
or more compounds. Also employable are solution coating techniques such as spin coating, dipping and casting 
and Langmuir-Blodgett's technique. For the solution coating, the inventive compound may be dispersed in a 
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matrix material such as a polymer. 

The organic EL element of the invention is g nerally.of the DC drive type while it can be of the AC or pulse 
drive type. Th applied voltage is g nerally about 2 to 20 volts. 

It is understood that the inventive compounds ar also applicable as organic semiconductor materials hav- 
5 ing donor property to photo-electric transducer elements other than the organic EL element, for example, pho- 
to-cells and photosensors. They are also useful as thermochromic materials utilizing transition between amor- 
phous and crystalline states. 

EXAMPLE 

10 

Examples of the present invention are given below by way of illustration and not by way of limitation. Herein 
"mp" is a melting point and "Tg* is a glass transition temperature. 

Example 1 

15 

Synthesis of N,N,N\N'-tetra(3-biphenylyl)benzidine, compound No. 1-1 

A2-I atmospheric hydrogenation reactor was charged with 250 g (1.26 mol) of m-nitrobiphenyl t 12.5 g of 
5% Pd-CI, and 1250 ml of ethanol. A theoretical _amountof hydrogen gas was absorbed at room temperature. 
The catalyst was removed by filtration and the filtrate was distilled of the solvent, obtaining 212 g of m-ami- 

20 nobiphenyl (yield 99.9%). Another batch of reaction was effected on the same scale except that 254 g (1.28 
mol) of m-nitrobi phenyl was used, obtaining 215 g of m-aminobiphenyl (yield 99.7%). 

A 10-1 reactor was charged with 775 ml of cone, hydrochloric acid, 775 ml of water, and 775 g of ice, and 
125 g (0.740 mol) of m-aminobiphenyl was suspended therein. To the reactor maintained below 0°C, 750 ml 
of an aqueous solution of 56.3 g (0.816 mol) sodium nitrite was added dropwise over 30 minutes and stirring 

25 was continued for a further 50 minutes at the temperature. To the resulting diazonium salt aqueous solution 
maintained below 0°C, 1250 ml of an aqueous solution of 185 g (1.12 mol) potassium iodide was added drop- 
wise over one hour. After addition, stirring was continued for one hour at the temperature and then for 2 hours 
at room temperature. 

The reaction solution was extracted with ethyl acetate. The organic layer was washed with water, dried 
30 over magnesium sulfate, and distilled of the solvent, obtaining a crude crystal. Another batch of reaction was 
effected on the same scale. The resulting crude crystals were combined together and purified through a silica 
gel column with n-hexane, obtaining 297 g of m-iodobiphenyi (yield 71.7% for the two batches combined). 

A2-I reactor was charged with 140 g (0.828 mol) of m-aminobiphenyl, 232 g (0.829 mol) of m-iodobiphenyl, 
63.1 g (0.457 mol) of potassium carbonate, 13.9 g of copper powder, and iB00 ml of nitrobenzene. In an argon 
35 stream, the contents were heated under reflux for 32 hours. At the end of reaction, the insoluble was removed 1 
by filtration and the filtrate was distilled of the solvent. The still residue was purified through a silica gel column 
with a 4/1 mixture of n-hexane and toluene, obtaining 44.5 g of di(3-biphenyl)amine of high purity (yield 1 6.7%). 

A500-ml reactor was charged with 44.5 g (0.139 mol) of di(3-biphenyl)amine, 27.6 g (0.0680 mol) of 4,4'- 
diiodobiphenyl, 34.3 g (0.249 mol) of potassium carbonate, 2.3 g of copper powder, and 180 ml of nitrobenzene. 
40 in an argon stream, the contents were heated under reflux for 24 hours. At the end of reaction, the insoluble 
was removed by filtration and the filtrate was distilled of the solvent The still residue was purified through a 
silica gel column with a 3/1 mixture of n-hexane and toluene, obtaining 30 g of N.N.N'.N'-tetra^-biphenylyOben- 
zidine of primary purity grade (yield 55.7%). It was further purified by recrystallization from toluene, obtaining 
6.0 g of a 99.58% pure fraction and 5.0 g of a 99.23% pure fraction (combined yield 20.4%). Further purification 
45 by sublimation yielded 8.0 g of a 99.99% pure product " 
mass analysis: m/e 792 (W) 
IR absorption spectrum: FIG. 4 
NMR spectrum: FIG. 5 

Differential scanning calorimetry (DSC): mp 207.4°C 
» Tg95.8°C 

Example 2 

Synthesis of N,N,N\N*-tetra(4-biphenylyl)benzidine f compound No. 11-1 
55 a reactor was charged with 72.5 g (0.429 mol) of 4-aminobiphenyl, 120 g (0.429 mol) of 4-iodobiphenyl, 

32.6 g (0.236 mol) of potassium carbonate, 6.8 g (0.107 mol) of copper, and 430 ml of nitrobenzene. Reaction 
was effected overnight at 21 0°C. At the end of reaction, the reaction solution was allowed to cool down, the 
copper salts were removed by vacuum filtration, and the filtrate was washed with chloroform and vacuum dis- 
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tilled of the solvent To the residue was added 500 ml of methanol. On cooling, crystals precipitated and were 
recovered by filtration. The thus recovered crystals, 49 g. was dissolved in 250 ml of dimethylforrhamide (DMF) 
with heating. The solution was cooled with wat r for allowing tribiphenyiamine by-product to precipitate, which 
was removed by filtration. The filtrate was pour d into 1000 ml of water for allowing crystals to precipitate. 
5 The precipitate was recovered by filtration and washed with water and then with methanol. 

The thus obtained wet crystals, 35 g, were recrystailized from 750 ml of toluene, obtaining di(4-biphe- 
nyl)amine in yellowish green flake crystal form. The mother liquor was concentrated to recover secondary crys- 
tals. The combined amount was 19 g (yield 13.8%). 

A reactor was charged with 15 g (0.0467 mol) of di(4-biphenyl)amine, 9.5 g (0.0234 mol) of 4,4'-diiodobi- 
10 phenyl, 9.7 g (0.0702 mol) of potassium carbonate, 0.74 g (0.0117 mol) of copper, and 76 ml of nitrobenzene. 
Reaction was effected for two days at 220°C. At the end of reaction, 750 ml of DMF was added to the reaction 
solution, from which the copper salts were removed by filtration while hot The filtrate was cooled down and 
the precipitating crystals were recovered by filtration. The thus obtained wet crystals, 25 g, were recrystailized 
three times from a 100-fold volume of toluene, obtaining 9 g of the end product, N,N,N',N'-tetra(4-bi pheny- 
ls lyl)benzidine in pale yellow crystal form (yield 48.6%). Further purification by sublimation yielded a 99.99% 
pure product 

mass analysis: m/e 792 (M*) 
IR absorption spectrum: FIG. 6 
NMR spectrum: FIG. 7 
20 DSC: mp 267 .7°C 

Tg131.8*C 

Example 3 

25 Synthesis of N.N'-diphenyl-N.N'-dKS-biphenylyObenzidine, compound No, VIM 

A 10-1 reactor was charged with 155 ml of cone, hydrochloric acid, 155 ml of water, and 155 g of ice, and 
25 g (0.148 mol) of m-aminobiphenyl was suspended therein. To the reactor maintained below 0°C, 150 ml of 
an aqueous solution of 11 .3 g (0.164 mol) sodium nitrite was added dropwise over 30 minutes and stirring was 
continued for a further 50 minutes at the temperature. To the resulting diazonium salt aqueous solution main- 

30 tained below 0°C, 250 ml of an aqueous solution of 37 g (0.223 mol) potassium iodide was added dropwise 
over one hour. After addition, stirring was continued for one hour at the temperature and then for 2 hours at 
room temperature. 

The reaction solution was extracted with ethyl acetate. The organic layer was washed with water, dried 
over magnesium sulfate, and distilled of the solvent obtaining a crude crystal. The crude crystal was purified 
35 through a silica gel column with n-hexane, obtaining 28 g of m-iodobiphenyl. 

A 300-ml reactor was charged with 10 g (0.0298 mol) of N.N'-diphenylbenzidine, 25 g (0.0893 mol) of m- 
iodobiphenyl, 12.3 g (0.0891 mol) of potassium carbonate, 2.6 g of copper powder, and 150 ml of nitrobenzene. 
In an argon stream, the contents were heated under reflux for 24 hours. At the end of reaction, the insoluble 
was removed by filtration and the solvent was distilled off from the filtrate. The still residue was purified 
40 through a silica gel column with a 5/1 mixture of n-hexane and ethyl acetate, obtaining 15 g of N,N*-diphenyl- 
N,N'-di(3-biphenylyl)benzidine of primary purity grade (yield 78.8%). It was further purified by recrystallization 
from toluene and train sublimation, obtaining 1 0.6 g of a 99.9% pure product (yield 55.6%). Further purification 
by sublimation yielded a 99.99% pure product, 
mass analysis: m/e 640 (M*) 
45 IR absorption spectrum: FIG. 8 

NMR spectrum: FIG. 9 
DSC:mp 189.8°C 
Tg 83.6°C 

so Example 4 

Synthesis of N,N'-diphenyl-N l N , -bis[4 , -(N-phenyl-N-3-methyiphenyiamino)biphenyl-4-yl3benzidine, compound 
No. X-10 

A 500-ml reactor was charged with 33.6 g (0.10 mol) of N.N'-diphenylbenzidine, 25.0 g (0.11 mol) of m- 
55 iodotoluene, 27.6 g (0.2 mol) of potassium carbonate, 2.6 g of copper powder, and 200 ml of nitrobenzene. In 
an argon stream, the contents were heated under reflux for 24 hours. At the end of reaction, the insoluble was 
removed by filtration and the solvent was distilled off from the filtrate. The still residue was purified twice 
through a silica gel column with a. 1/2 mixture of n-hexan and toluen . obtaining 28.10 g of N.N'-diphenyl-N- 
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[4-(N-phenyl-N-3-methylphenylamino)-biphenyI-4-yl]benzidine (yield 42%). 

A500-mI reactor was charged with 8.1 g (0.02 mol) of 4,4'-diiodobiphenyl, 28.1 g (0.02 mol) of N r N'-diphe- 
nyl-N-[4-(N-phenyl-N-3-methylphenytamino)-blphenyl-4-yl]benridine ( 11 .04 g (0.08 mol) of potassium carbon- 
ate, 1.0 g of copper powder, and 100 ml of nitrobenzen . In an argon stream, the contents were heated under 
5 reflux for 24 hours. At the end of reaction, the insoluble was removed by filtration and the solvent was distilled 
off from the filtrate. The still residue was purified twice through a silica gel column with a 2/1 mixture of n- 
hexane and toluene, obtaining 11.62 g of highly pure N,N'-diphenyl-N,N'-bis[4'-(N-phenyl-N-3-methylphenyla- 
mino)-biphenyl-4-yl]benzidine (yield 58%). It was further purified by recrystallization from a solvent mixture 
of hexane and toluene, obtaining 7.3 g of a 99.9% pure, pale yellow, clear, amorphous mass. 
10 mass analysis: m/e 1002 (M+) 

IR absorption spectrum: FIG. 10 
NMR spectrum: FIG. 11 

DSC: mp not observed (amorphous from the initial) 
Tg 132°C 

15 

Example 5 

Synthesis of N.N'-diphenyj-N.N'-bis^'^N.N-di-^ compound No. X-3 

A300-ml reactor was charged with 16.1 g (0.050 mol) of di(3-biphenylyl) amine, 20.3 g (0.050 mol) of 4,4*- 
20 diiodobiphenyi, 13.8g (0.10 mol) of potassium carbonate, 1.0 g of copper powder, and 100 ml of nitrobenzene. 

In an argon stream, the contents were heated under reflux for 24 hours. At the end of reaction, the insoluble 

was removed by filtration and the solvent was distilled off from the filtrate. The still residue was purified 

through a silica gel column with a 5/1 mixture of n-hexane and toluene, obtaining 12.0 g of 4*-[N,N -di(3-biphe- 

nylyIamino)]-4-iodo-1 t 1'-bi phenyl (yield 40%). 
25 A300-ml reactor was charged with 12.0 g (0.020 mol) of 44N.NVii(3-biphenylylamino)]-4-iodo-1,r-biphe- 

nyl, 3.03 g (0.009 mol) of N.N'-diphenylbenzidine, 5.52 g (0.04 mol) of potassium carbonate, 0.5 g of copper 

powder, and 100 ml of nitrobenzene. In an argon stream, the contents were heated under reflux for 24 hours. 

At the end of reaction, the insoluble was removed by filtration and the solvent was distilled off from the filtrate. 

The still residue was purified twice through a silica gel column with a 2/1 mixture of toluene and n-hexane, 
30 obtaining 6.90 g of N.N'-diphenyl-N.N'-bis^'-JN.N-di-S-biphenylylaminoJbiphenyl^-yllbenzidine (yield 60%). 

It was further purified by recrystallization from toluene, obtaining 5.2 g of a 99.9% pure, pale yellow, clear, 

amorphous mass. 

This compound was also identified by mass analysis, IR, and NMR as in Example 4. 
The remainder of the previously exemplified compounds were synthesized by the same procedures as 
35 above and identified by mass analysis, IR and NMR. 

Example 6 

Aglass substrate having an ITO transparent electrode (anode) of 200 nm thick was subjected to ultrasonic 
4Q cleaning with neutral detergent, acetone, and ethanol. The substrate was pulled up from boiling ethanol, dried, 
and further subjected to UV/ozone cleaning. The substrate was secured by a holder in an evaporation chamber, 
which was evacuated to a vacuum of 1x10-* Pa or lower. 

Then the compound (1-1) of Example 1 was evaporated at a deposition rate of 0.2 nm/sec. to deposit a 
transparent amorphous thin film of 55 nm thick. It was allowed to stand In a constant temperature chamber at 
45 30°C/RH 100% and 60°C/RH 90%, both severer than the atmospheric air, over 10 months. The thin film un- 
derwent no crystallization and maintained a stable amorphous state, indicating good thin film-forming ability 
and storage stability. A similarly deposited film was found to have an ionization potential Ip of 5.35 eV as meas- 
ured by a low energy electron spectrometer Model AC-1 manufactured by Riken Keiki Co., Ltd. 

50 Example 7 

Using compounds (11-1) and (VI 1-1) of Examples 2 and 3, experiments were done as in Example 6. Similarly 
no crystallization occurred during storage over 10 months. The evaporated films had an ionization potential 
Ip of 5.36 eV and 5.38 eV. 

55 

Example 8 



Using compounds (X-1 0) and (X-3) of Examples 4 and 5, experiments were done as in Example 6. Similarly 
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no crystallization occurred during storage over 10 months. The evaporated films had an ionization potential 
Ip of 5.32 eV and 5.26 eV. 

Comparative Example 1 

s 

Thin films were deposited as in Example 6 except that the compound of Example 1 was replaced by com- 
pound (1): N.N'-diphenyl-N.N'-ditS-methylphenylH.^-diamino-l.r-biphenyl (mp: 171.2°C ( Tg: 61.3°C) or 
compound (2): 1,1'-bis(4-di-p-tolylaminophenyi)cyclohexane (mp: 187.8°C, Tg: 79.9°C). The thin films were 
allowed to stand in a constant temperature chamber at 30°C/RH 100%. Although the films were allowed to 
10 stand in a milder temperature environment than in Examples 6 to 8, crystallization started on the third day in 
the film of compound (1) and on the 30th day in the film of compound (2). 

As in Example 6, the films of compounds (1) and (2) were measured for ionization potential. Both had an 
lpof5.40eV. - 

15 Example 9 

A glass substrate having an ITO transparent electrode (anode) of 200 nm thick was subjected to ultrasonic 
cleaning with neutral detergent, acetone, and ethanol. The substrate was pulled up from boiling ethanol, dried, 
and further subjected to UV/ozone cleaning. The substrate was secured by a holder in an evaporation chamber, 
20 which was evacuated to a vacuum of 1x10-* Pa or lower. 

First compound (1-1) of Example 1 was evaporated at a deposition rate of 0.2 nm/sec. to a thickness of 75 
nm, forming a hole injecting and transporting layer. 

With the vacuum kept, tris(8-quinolinolato)aluminum was evaporated at a deposition rate of 0.2 nm/sec. 
to a thickness of 50 nm, forming an electron injecting and transporting/light emitting layer. 
25 With the vacuum kept further, MgAg (weight ratio 1 0:1) was evaporated at a deposition rate of 0.2 nm/sec. 

to a thickness of 200 nm to form a cathode, obtaining an organic EL element. 

With a DC voltage applied, the EL element was continuously driven at a constant current density of 10 
mA/cm 2 in a dry atmosphere. At the initial, emission of yellowish green light (maximum wavelength Xmax ~ 
500 nm) at a luminance of 400 cd/m 2 was observed with a drive voltage of 6.5 V. A half life of luminance was 
30 600 hours, during which the drive voltage increased 4.0 V. The deposited film of tris(8-quinolinolato) aluminum 
serving as the light emitting layer had an.lp of 5.64 eV, with the difference in Ip from the film of compound (I- 
1 ) serving as the hole injecting and transporting layer being 0.29 eV. 

Examples 10 and 11 

35 

EL elements were manufactured as in Example 9 except that compound (1-1) was replaced by compounds 
(11-1) and (V1I-1) of Examples 2 and 3. They were similarly tested. 

Comparative Examples 2 and 3 

40 

EL elements were manufactured as in Example 9 except that compound (1-1) was replaced by compounds 
(1) and (2) of Comparative Example 1. They were similarly tested. 

The results of Examples 9-11 and Comparative Examples 2-3 are shown in Table 16. 
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Examples 12 and 13 



EL elements were manufactured as in Example 9 except that compound (1-1 ) was replaced by compounds 
55 (X-10) and (X-3) of Examples 4 and 5. They were similarly tested. The results were at least comparable to* 
those of Example 9. The differential Ip from tris(8-quinolinolato)aluminum was 0.32 eV for compound (X-10) 
of Example 4 and 0.36 eV for compound (X-3) of Example 5. 
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Example 14 

A glass substrate having an ITO transparent el ctrode (anode) of 200 nm thick was subjected to ultrasonic 
cleaning with n utral detergent, acetone, and ethanol. The substrate was pulled up from boiling ethanol, dried, 
5 and further subjected to UV/ozone cleaning. The substrate was secured by a holder in an evaporation chamber, 
which was evacuated to a vacuum of 1x10^ Pa or lower. 

First poly(thiophene-2,5-diy!) was evaporated at a deposition rate of 0.1 nm/sec. to a thickness of 20 nm, 
forming a first hole injecting and transporting layer. 

Then with the vacuum kept, compound (1-1) of Example 1 was evaporated at a deposition rate of 0.2 
10 nm/sec. to a thickness of 55 nm, forming a second hole injecting and transporting layer. 

With the vacuum kept, tris(8-quinotinolato)aluminum was evaporated at a deposition rate of 0.2 nm/sec. 
to a thickness of 50 nm, forming an electron injecting and transporting/light emitting layer. 

With the vacuum kept further, MgAg (weight ratio 1 0:1 ) was evaporated at a deposition rate of 0.2 nm/sec. 
to a thickness of 200 nm to form a cathode, obtaining an organic EL element. 
15 With a DC voltage applied, the EL element was continuously driven at a constant current density of 10 

mA/cm 2 in a dry atmosphere. At the initial, emission of yellowish green light (maximum wavelength Xmax = 
500 nm) at a luminance of 350 cd/m 2 was observed with a drive voltage of 6.0 V. A half life of luminance was 
1 600 hours, during which the drive voltage increased 2.3 V. No development or growth of dark spots was ob- 
served. Thereafter, no current leakage occurred and stable light emission continued. 
20 These results fully satisfy the requirements for the EL element to be applied as a display. As an accelerated 

lifetime test, the EL element was continuously driven at a higher current density of 40 mA/cm 2 , finding a high 
luminance of 1400 cd/m 2 at the initial and a half life of 400 hours, with a concomitant drive voltage rise of 5.0 
V. 

25 Examples 15 and 16 

EL elements were manufactured as in Example 1 4 except that compound (1-1 ) was replaced by compounds 
(IM) and (VII-1) of Examples 2 and 3. They were similarly tested at a current density of 10 mA/cm 2 . 

The results of the EL elements of Examples 14-16 at a current density of 10 mA/cm 2 are shown in Table 
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Examples 17 and 18 



EL elements were manufactured as in Example 14 except that compound (1-1) was replaced by compounds 
(X-1 0) and (X-3) of Examples 4 and 5. They were similarly tested at a current density of 10 mA/cm 2 . The results 
were at least comparable to those of Example 14. 
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Example 19 

A glass substrate having an ITO transparent electrode (anod ) of 200 nm thick was subjected to ultrasonic 
cleaning with neutral deterg nt f acetone, and ethanol. The substrate was pulled up from boiling ethanol, dried, 
5 and further subjected to UV/ozone cleaning. The substrate was secured by a holder in an evaporation chamber, 
which was evacuated to a vacuum of 1x1 Or* Pa or lower. 

First compound (1-1) of Example 1 and rubrene were evaporated and co-deposited at a rate of 0.2 nm/sec. 
and 0.02 nm/sec. to a total thickness of 75 nm, forming a hole injecting and transporting layer. 

With the vacuum kept, tris(8-quinolinolato)aluminum was evaporated and deposited at a rate of 0.2 nm/sec. 
10 to a thickness of 50 nm, forming an electron injecting and transporting/light emitting layer. 

With the vacuum kept further, MgAg (weight ratio 10:1) was evaporated and deposited at a rate of 0.2 
nm/sec. to a thickness of 200 nm to form a cathode, obtaining an organic EL element 

With a DC voltage applied, the EL element was continuously driven at a constant current density of 10 
mA/cm 2 in a dry atmosphere. At the initial, emission of yellow light (maximum wavelength Xmax = 550 nm) at 
15 a luminance of 550 cd/m 2 was observed with a drive voltage of 6.2 V. A half life of luminance was 1 ,500 hours, 
during which the drive voltage increased 2.8 V. 

Examples 20 and 21 

20 EL elements were manufactured as in Example 19 except that compound (1-1) was replaced by compounds 

(11-1) and (VII-1) of Examples 2 and 3. They were similarly tested. 

The results of the EL elements of Examples 12-14 are shown in Table 18. 
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Examples 22 and 23 



EL elements were manufactured as in Example 1 9 except that compound (1-1) was replaced by compounds 
55 (X-10) and (X-3) of Examples 4 and 5. They were similarly tested. The results were at least comparable to 
those of Example 19. 
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Example 24 

A glass substrate having an ITO transparent ei ctrode (anode) of 200 nm thick was subjected to ultrasonic 
cleaning with neutral detergent, acetone, and ethanol. The substrate was pulled up from boiling ethanol, dried, 
5 and further subjected to UV/ozone cleaning. The substrate was secured by a holder in an evaporation chamber, 
which was evacuated to a vacuum of 1x1 Or* Pa or lower. 

First poly(thiophene-2,5-diyl) was evaporated at a deposition rate of about 0.1 nm/sec. to a thickness of 
about 20 nm, forming a first hole injecting and transporting layer. 

Then the vacuum chamber was released to the atmospheric air and evacuated again to a vacuum of 1x1 0" 4 
10 Pa or lower. The compound (1-1) of Example 1 and rubrene were evaporated and co-deposited at a rate of 0.1- 
0.2 nm/sec. and 0.01-0.02 nm/sec. to a total thickness of about 55 nm, forming a second hole injecting and 
transporting layer. 

With the vacuum kept tris(8-quinolinolato)aluminum was evaporated and deposited at a rate of 0.1-0.2 
nm/sec. to a thickness of about 50 nm, forming an electron injecting and transporting/light emitting layer. 
15 With the vacuum kept further, MgAg (weight ratio 10:1) was evaporated at a deposition rate of 0.2 nm/sec. 

to a thickness of about 200 nm to form a cathode, obtaining an organic EL element 

With a DC voltage applied, the EL element was continuously driven at a constant current density of 10 
mA/cm 2 in a dry atmosphere. At the initial, emission of yellow light (maximum wavelength Xmax = 550 nm) at 
a luminance of 420 cd/m 2 was observed with a drive voltage of 6.2 V. A half life of luminance was 2,000 hours, 
20 during which the drive voltage increased 4.9 V. 

These results fully satisfy the requirements for the EL element to be applied as a display. As an accelerated 
lifetime test, the EL element was continuously driven at a higher current density of 40 mA/cm 2 ( finding a high 
luminance of 1490 cd/m 2 at the initial and a half life of 500 hours, with a concomitant drive voltage rise of 3.5 
V. 

25 

Example 25 

An EL element was manufactured as in Example 24 except that compound (X-10) of Example 4 was used 
in the second hole injecting and transporting layer instead of compound (1-1). It was similarly tested. The results 
30 were at least comparable to those of Example 24. 

Example 26 

A glass substrate having an ITO transparent electrode (anode) of 200 nm thick was subjected to ultrasonic 
35 cleaning with neutral detergent, acetone, and ethanol. The substrate was pulled up from boiling ethanol, dried, 
and further subjected to UV/ozone cleaning. The substrate was secured by a holder in an evaporation chamber, 
which was evacuated to a vacuum of 1x1 0-* Pa or lower. 

First compound (1-1) of Example 1 was evaporated at a deposition rate of 0.1-0.2 nm/sec. to a thickness 
of about 55 nm, forming a hole injecting and transporting layer. 
40 Then with the vacuum kept, the hole injecting and transporting material and tris(8-quinolinolato)aluminum 

as an electron injecting and transporting material were evaporated and co-deposited at a substantially equal 
rate of 0.1-0.2 nm/sec. to form a mix layer of about 40 nm thick as a light emitting layer. 

With the vacuum kept, the electron injecting and transporting material was evaporated and deposited at 
a rate of 0.1-0.2 nm/sec. to a thickness of about 30 nm, forming an electron injecting and transporting layer. 
45 With the vacuum kept further, MgAg (weight ratio 1 0:1) was evaporated at a deposition rate of 0.2 nm/sec. 

to a thickness of about 200 nm to form a cathode, obtaining an organic EL element 

With a DC voltage applied, the EL element was continuously driven at a constant current density of 10 
mA/cm 2 in a dry atmosphere. At the initial, emission of yellowish green light (maximum wavelength Xmax = 
500 nm) at a luminance of 470 cd/m 2 was observed with a drive voltage of 6.7 V. A half life of luminance was 
so 2,000 hours, during which the drive voltage increased 3.0 V. 

Example 27 

An EL element was.manufactured as in Example 26 except that compound (X-10) of Example 4 was used 
55 in the hole injecting and transporting layer and mix layer (light emitting layer) instead of compound (1-1). It was 
similarly tested. The results were at least comparable to those of Example 26. 
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Example 28 

A glass substrate having an 1TO transparent electrode (anode) of 200 nm thick was subjected to ultrasonic 
cleaning with neutral detergent acetone, and ethanol. The substrate was pulled up from boiling ethanol, dried, 
5 and further subjected to UV/ozone cleaning. The substrate was secured by a holder in an evaporation chamber, 
which was evacuated to a vacuum of IxlO -4 Pa or lower. 

First poly(thiophene-2,5-diyl) was evaporated at a deposition rate of about 0.1 nm/sec. to a thickness of 
about 20 nm, forming a first hole injecting and transporting layer. 

Then the vacuum chamber was released to the atmospheric air and evacuated again to a vacuum of 1x10-* 
10 Pa or lower. The compound (1-1) of Example 1 was evaporated and deposited at a rate of 0.1-0.2 nm/sec. to 
a thickness of about 35 nm, forming a second hole injecting and transporting layer. 

With the vacuum kept, the second hole injecting and ' transporting material and tris(8- 
quinolinolato)aluminum as an electron injecting and transporting material were evaporated and co-deposited 
at a substantially equal rate of 0.1-0.2 nm/sec. to form a mix layer of about 40 nm thick as a light emitting layer. 
15 With the vacuum kept, the electron injecting and transporting material was evaporated and deposited at 

a rate of 0.1-0.2 nm/sec. to a thickness of about 30 nm, forming an electron injecting and transporting layer. 

With the vacuum kept further, MgAg (weight ratio 10:1) was evaporated at a deposition rate of 0.2 nm/sec. 
to a thickness of about 200 nm to form a cathode^obtaining an organic EL element 

With a DC voltage applied, the EL element was continuously driven at a constant current density of 10 
20 mA/cm 2 in a dry atmosphere. At the initial, emission of yellowish green light (maximum wavelength Xmax = 
500 nm) at a luminance of 350 cd/m 2 was observed with a drive voltage of 6,1 V. A half life of luminance was 
3,000 hours, during which the drive voltage increased 5.0 V. 

" Example 29 

25 

An EL element was manufactured as in Example 28 except that the mix layer was 10 nm thick. It was sim- 
ilarly tested. At the initial, emission of yellowish green light (maximum wavelength Xmax = 500 nm) at a lumi- 
nance of 360 cd/m 2 was observed with a drive voltage of 6.2 V. A half life of luminance was 2,100 hours, during 
which the drive voltage increased 3.3 V. 

30 

Example, 30 

An EL element was manufactured as in Example 26 except that compound (X-10) of Example 4 was used 
in the second hole injecting and transporting layer and mix layer (light emitting layer) instead of compound (I- 
35 1). It was similarly tested. The results were at least comparable to those of Example 28. 

Examples 9 to 30 were repeated using at least one of the illustrated examples of the inventive compound 
instead of compounds (1-1), (1 1-1) , (VI 1-1) , (X-10), and (X-3). They were similarly tested to find similar results 
complying with respective element constructions. 

There have been described compounds in the form of tetraaryldiamine derivatives which have a high melt- 
40 ing point and high glass transition temperature and form, by evaporation, transparent smooth thin films of qual- 
ity which maintain a stable amorphous state above room temperature over a long term. The inventive com- 
pounds can form thin films by themselves without a need for binder resin. 

The organic EL elements using organic EL element-forming compounds including the inventive com- 
pounds in organic compound layers thereof, typically in a hole injecting and transporting layer thereof provide 
. 45 uniform plane light emission and maintain high luminance in a stable manner over a long term. Thus the ele-* 
merits are fully durable and reliable. 

Those EL elements including two hole injecting and transporting layers, one layer containing the inventive 
compound and the other layer containing polythiophene, can operate at a reduced drive voltage with a sup- 
pressed rise thereof and without development of dark spots over a long term, maintaining stable light emission. 
so The embodiment of the EL element designed such that the differential Ip is optimized has a reduced initial* 
drop of luminance and an extended lifetime of light emission. Those EL elements having a rubrene doped layer 
are improved in initial luminance and have an extended lifetime of light emission. Those EL elements having 
a mix layer containing the inventive compound and a compound having an electron injecting and transporting 
function as a light emitting layer also have an extended life of light emission. 
55 Although some preferred embodiments have been described, many modifications and variations may be 

made thereto in the light of the above teachings. It is therefore to be understood that within the scope of the 
appended claims, the invention may be practiced otherwise than as specifically described. 
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Claim 

1. A compound for use in an organic electroluminescent element which is a tetraaryldiamine derivative of 
th following formula (1): 




wherein R 1( R 2 , R3, and are independently selected from the group consisting of an aryl group, alkyl 
group, alkoxy group, aryioxy group, amino group and halogen atom, at least one of R 1( R 2 , R3, and R* is 
an aryl group, 

r1 , r2, r3, and r4 are independently 0 or an integer of 1 to 5, the sum of r1 , r2, r3, and r4 is an integer 
of at least 1, which satisfies the requirement that at least one aryl group is present as R, to R4, 

R 5 and Re are independently selected from the group consisting of an afkyl group, alkoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

2. The compound for use in an organic electroluminescent element of claim 1 wherein two to four of to 
R4 are aryl groups, at least two of the aryl groups are attached to the corresponding benzene ring at the 
para- or meta-position with respect to the position of attachment to the nitrogen atom. 

3. The compound for use in an organic electroluminescent element of claim 2 wherein at least one of the 
aryl groups represented by to R4 is phenyl. 

4. The compound for use in an organic electroluminescent element of any one of claims 1 to 3 which has 
the following formula (2): 




wherein A 1f A 2 , A 3 , and A*, which may be identical or different, are phenyl groups attached to the corre- 
sponding benzene ring at the para- or meta-position with respect to the position of attachment to the ni- 
trogen atom, 

R7, R8* R91 and R 10 are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryl group, aryioxy group, amino group and halogen atom, 
r7, r8, r9, and r10 are independently 0 or an integer of 1 to 4, 

R 6 and Re are independently selected from the group consisting of an alkyl group, alkoxy group, 
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amino group, and halogen atom, and 

r5 and r6 are independ ntly 0 or an integ r of 1 to 4. 

The compound for use in an organic electroluminescent element of claim 2 wherein at least one of the 
aryl groups represented by to R4 is a naphthyl, anthryl, pyrenyl, perylenyl or coronenyl group. 

The compound for use in an organic electroluminescent element of claim 1 , 2 or 5 which has the following 
formula (3): 




wherein Ar is an aryl group attached to the corresponding benzene ring at the para- or meta-position with 
respect to the position of attachment to the nitrogen atom, 

Z 1 , Z 2 , and Z 3 are independently selected from the group consisting of an alkyl group, alkoxy group, 
aryl group, aryloxy group, amino group and halogen atom, at least one of Z 1t Z 2 , and Z 3 is an aryl group 
attached to the corresponding benzene ring at the para- or meta-position with respect to the position of 
attachment to the nitrogen atom, with the proviso that all of Ar, Z 1( Z 2 , and Z 3 are not phenyl groups each 
attached to the corresponding benzene ring at the para- or meta-position with respect to the position of 
attachment to the nitrogen atom at the same time, 

s1, s2, and s3 are independently 0 or an integer of 1 to 5, the sum of s1, s2 and s3 is an integer 
of at- least 1 ( 

Ro is selected from the group consisting of an alkyl group, alkoxy group, aryl group, aryloxy group, 
amino group and halogen atom, 

rO is 0 or an integer of 1 to 4, 

R 6 and R« are independently selected from the group consisting of an alkyl group, alkoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

The compound for use in an organic electroluminescent element of any one of claims 1 to 4 which has 
the following formula (4): 
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wherein R 7 , R 8 , R 9 , and R 10 are independently selected from the group consisting of an aikyi group, alkoxy 
group, aryi group, aryloxy group, amino group and halogen atom, 
r7, r8, r9 f and r10 are independently 0 or an integer of 1 to 4, 

R 1tl R 12 , R 13 , and R, 4 are independently selected from the group consisting of an aikyi group, alkoxy 
group, aryi group, aryloxy group, amino group and halogen atom, 

r11 , r12, r13, and r14 are independently 0 or an integer of 1 to 5, 

R§ and R$ are independently selected from the group consisting of an aikyi group, alkoxy group, 
amino group, and haiogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

8. The compound for use in an organic electroluminescent element of claim 7 wherein r5, r6 f r7, r8, r9, r10, 
r11 f r12 f r13, and r14 are equal to 0. 

35 9. The compound for use in an organic electroluminescent element of any one of claims 1 to 4 which has 
the following formula (5): 
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wherein R 7f Re, R 9? and R 10 are independently selected from the group consisting of an alkyl group, alkoxy 
25 group, aryl group, aryloxy group, amino group and halogen atom, 

r7, r8, r9, and MO are independently 0 or an integer of 1 to 4, 

R n . R12. R 13* and R i4 are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom, 

r11, r12, r13, and r14 are independently 0 or an integer of 1 to 5, 
30 Re and R« are independently selected from the group consisting of an alkyl group, alkoxy group, 

amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

10. The compound for use in an organic electroluminescent element of claim 9 wherein r5, r6, r7, r8, r9 f rtO, 
35 r11, r12, r13. and r14 are equal to 0. 

11. The compound for use in an organic electroluminescent element of any one of claims 1 to 4 which has 
the following formula (6): 




M4 
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wherein R 7 , Re, R 9 , and R 10 are independently selected from th group consisting of an alkyl group, alkoxy 
group, aryi group, aryloxy group, amino group and halogen atom, 
r7, r8, r9, and r10 ar independently 0 or an integer of 1 to 4, 

R11. Rt2. R 13. and R 14 ar independently selected from the group consisting of an alkyi group, alkoxy 
group, aryi group, aryloxy group, amino group and halogen atom, 

r11, r12, r13, and r14 are independently 0 or an integer of 1 to 5, 

Rs and Re are independently selected from the group consisting of an alkyl group, alkoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

The compound for use in an organic electroluminescent element of claim 11 wherein r5, r6, r7, r8, r9, r10, 
r11, r12, r13, and r14 are equal to 0. 

13. The compound for use in an organic electroluminescent element of any one of claims 1 to 4 which has 
15 the following formula (7): 




wherein R 7 , R Sf R 9 , and R 10 are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryi group, aryloxy group, amino group and halogen atom, 

r7, r8, r9, and r10 are independently 0 or an integer of 1 to 4, 
40 R 11t R 12 , R 13 , and R 14 are independently selected from the group consisting of an alkyl group, alkoxy 

group, aryi group, aryloxy group, amino group and halogen atom, 

r11, r12, r13, and r14 are independently 0 or an integer of 1 to 5, 

R 5 and Re are independently selected from the group consisting of an alkyl group, alkoxy group, 
amino group, and halogen atom, and 
45 r5 and r6 are independently 0 or an integer of 1 to 4. 

1 4. The.compound for use in an organic electroluminescent element of claim 1 3 wherein r5, r6, r7, r8, r9, r1 0, 
r11, r12, r13, and r14 are equal to 0. 

so 15. The compound for use in an organic electroluminescent element of any one of claims 1 to 4 which has 
the following formula (8): 
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wherein R 7f Re, Rq, and R 10 are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom, 

r7, r8, r9, and MO are independently 0 or an integer of 1 to 4, 

Ri2t R13. and R u are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom, 

r11, r12, r13, and r14 are independently 0 or an Integer of 1 to 5. 

Rs and R$ are independently selected from the group consisting of an alkyl group, alkoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

The. compound for use in an organic electroluminescent element of claim 15 wherein r5, r6, r7, r8, r9, r10, 
r11, r12 f r13, and r14 are equal to 0. 

The compound for use in an organic electroluminescent element of any one of claims 1 to 4 which has 
the following formula (9): 




wherein R 7 , Re, R 9 , and R 10 are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom, 
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r7, r8 f r9, and r10 are independ ntly 0 or an integer of 1 to 4, 

Rii.Ri2.Ri3.a™IR u ar independ ntly selected from the group consisting of an aikyi group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom, 

r11, r12, ii3 t and r14 are independently 0 or an integer of 1 to 5, 

Rs and R$ are independently selected from the group consisting of an alkyl group, alkoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

18. The compound for use in an organic electroluminescent element of claim 17 wherein r5, r6, r7, r8, r9, MO, 
r11, r12, r13, and r14 are equal to 0. 

19. The compound for use in an organic electroluminescent element of claim 1, 2. 5 or 6 which has the fol- 
lowing formula (10): 



(10) 




wherein Ar, and Ar 2 which may be identical or different are aryl groups, 

R 1S and R 16 are independently selected from the group consisting of an alkyl group, alkoxy group, 
aryl group, aryloxy group, amino group and halogen atom, 
- r15 and rl 6 are independently 0 or an integer of 1 to 4, 

R 17 and R 18 are independently selected from the group consisting of an alkyl group, alkoxy group, 
aryloxy group, amino group and halogen atom, 

r17 and rl 8 are independently 0 or an integer of 1 to 5, 

Rs and Re are independently selected from the group consisting of an alkyl group, alkoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

20. The compound for use in an organic electroluminescent element of claim 19 wherein r5 t r6, r15, r16, r17, 
and rl 8 are equal to 0. 

21. The compound for use in an organic electroluminescent element of claim 1, 2, 5 or 6 which has the fol- 
lowing formula (11): 



(11) 




'r18 



r19 
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wherein Ar, and Ar 3 which may be identical or different are aryi groups. 

R 15 and R M are independ ntly selected from the group consisting of an alkyl group, alkoxy group, 
aryl group, aryloxy group, amino group and halogen atom, 

r15 and r20 are independently 0 or an integer of 1 to 4, 

R 18 and R 1fl are independently selected from the group consisting of an alkyl group, alkoxy group, 
aryloxy group, amino group and halogen atom, 

r18 and rl 9 are independently 0 or an integer of 1 to 5, 

R 6 and Re are independently selected from the group consisting of an alkyl group, alkoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

22. The compound for use in an organic electroluminescent element of claim 21 wherein r5, r6, r15, rl 8, r19, 
and r20 are equal to 0. 

23. The compound for use in an organic electroluminescent element of claim 1, 2, 5 or 6 which has the fol- 
lowing formula (12): 



(12) 




wherein Ar 1p Ar 2 , and Ar 3 which may be identical or different are aryi groups, 

R 16 , R 16f and R20 are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom, 

r1 5, M 6, and r20 are independently 0 or an integer of 1 to 4, 

R 18 is selected from the group consisting of an alkyl group, alkoxy group, aryloxy group, amino 
group and halogen atom, 

r18 is 0 or an integer of 1 to 5, 

R 5 and R« are independently selected from the group consisting of an alkyl group, alkoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

24. The compound for use in an organic electroluminescent element of claim 23 wherein r5, r6, M 5, rl 6, r1 8, 
and r20 are equal to 0. 

25. The compound for use in an organic electroluminescent element of daim 1, 2, 5 or 6 which has the fol- 
lowing formula (13): 
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(13) 




wherein Ar 4 and Ar 6 which may be identical or different are aryl groups. 

R 15 and R 18 are independently selected from the group consisting of an alkyl group, aikoxy group, 
aryl group, aryioxy group, amino group and halogen atom, 

M5 and r16 are independently 0 or an integer of 1 to 4, 

R 17 and R 18 are independently selected from the group consisting of an alkyl group, aikoxy group, 
aryioxy group, amino group and halogen atom, 

r17 and ii 8 are independently 0 or an integer of 1 to 5, 

Re and R« are independently selected from the group consisting of an alkyl group, aikoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

26. The compound for use in an organic electroluminescent element of claim 25 wherein r5, r6, r15, ri6, r17, 
and ii 8 are equal to 0. 

27. The compound for use in an organic electroluminescent element of claim 1 , 2, 5 or 6 which has the fol- 
lowing formula (14): 



(14) 




wherein Ar 4 and Ar 6 which may be identical or different are aryl groups, 

R 15 and Rjo are independently selected from the group consisting of an alkyl group, aikoxy group, 
aryl group, aryioxy group, amino group and halogen atom, 

r15 and r20 are independently 0 or an integer of 1 to 4, 

R 18 and R 19 are independently selected from the group consisting of an alkyl group, aikoxy group, 
aryioxy group, amino group and halogen atom, 

r18 and r19 are independently 0 or an integer of 1 to 5, 

R 5 and R« are independently selected from the group consisting of an alkyl group, aikoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

28. The compound for use in an organic electroluminescent element of claim 27 wherein r5, r6, r1 5, ii 8, M 9, 
and r20 are equal to 0. 
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29. The compound for use in an organic electroluminescent element of claim 1, 2, 5 or 6 which has the fol- 
lowing formula (15): 



Ar 6 



(15) 




wherein Ar*. Ar s , and Ar 0 which may be identical or different are aryi groups. 

R 15 , R, 6 . and R20 are independently selected from the group consisting of an alkyl group, alkoxy 
group, aryl group, aryloxy group, amino group and halogen atom, 

ri5, M6, and r20 are independently 0 or an integer of 1 to 4. 

R 18 is selected from the group consisting of an alkyl group, alkoxy group, aryloxy group, amino 
group and halogen atom, 

r18 is 0 or an integer of 1 to 5, 

R 6 and R« are independently selected from the group consisting of an alkyl group, alkoxy group, 
amino group, and halogen atom, and 

r5 and r6 are independently 0 or an integer of 1 to 4. 

30. The compound for use in an organic electroluminescent element of claim 29 wherein r5, r6, r15, r16 f r18, 
and r20 are equal to 0. 

31. An organic electroluminescent element comprising at least one layer containing at least one organic elec- 
tro-luminescent element-forming compound of any one of claims 1 to 30. 

32. The organic electroluminescent element of claim 31 comprising at least one mix layer containing a mixture 
of at least one organic electroluminescent element-forming compound and at least one compound having 
an electron injecting and transporting function. 

33. The organic electroluminescent element of claim 32 wherein the compound having an electron injecting 
and transporting function is tris(8-quinolinolato)aluminum. 

34. The organic electroluminescent element of claim 32 or 33 wherein said mix layer is a light emitting layer. 

35. The organic electroluminescent element of any one of claims 31 to 34 wherein at least one layer of said 
at least one layer containing at least one organic electroluminescent element-forming compound is doped 
with a fluorescent material. 

36. The organic electroluminescent element of claim 35 wherein said fluorescent material is rubrene. 

37. The organic electroluminescent element of any one of claims 31 to 36 wherein said layer containing at 
least one organic electroluminescent element-forming compound is a hole injecting and transporting layer 
and the element further includes a light emitting layer. 

38. The organic electroluminescent element of claim 37 wherein said hole injecting and transporting layer in- 
cludes at least two layers having different compositions. 

39. The organic electroluminescent element of claim 38 wherein at least one of said hole injecting and trans- 
porting layers contains a polythiophene. 
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Th organic electrolumin scent element of claim 37. 38 or 39 which further includes an electron injecting 
and transporting layer. 

The electroluminescent element of claim 31 , 35 or 36 wherein said layer containing at least one organic 
electro-luminescent element-forming compound is a layer having a hole injecting and transporting func- 
tion, 

a layer having a light emitting function or electron injecting and transporting function is disposed 
adjacent said layer, and 

the difference in ionization potential Ip between said layer having a hole injecting and transporting 
function and said layer having a light emitting function or electron injecting and transporting function is 
at least 0.25 eV. 
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FIG. 1 
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FIG. 3 
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